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the naiwe of alclidmisa role 
'iln layifHl th«i^^cM«ncletiof)s of • 

modern science, mav be judged 
from only a panUflih of bjaec 
sciaii^flefobis. daebeiatedwifh 
their names. 

Chemistry had its origin in the 
faboratories of the alchenusts. 
Alchemy eventually expirei;|i^^ , 


under the impact of science, but 
its tools and procedures were 
taken over by the scientists in 
the modem world, to utilize 
them for extending the basic 
discoveries still further and 
bringing them closer to the 
common man. 
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bird mystoy 


Sir« In the article under referenoe 
{S.R,, September 1979), some 
interesting points stated by the au¬ 
thor themselves give a clue to the 
mystery. The phenomenon is ob¬ 
served only during thp months of 
September-October, that is just after 
the cessation of the south-west mon¬ 
soon over the area. In the day time, 
birds are scarce in the village and in 
the siiiTOundiog area. The birds flock 
at a flbSK^on, namely a width of 
about one im betw6en the Jatinga 
railway station aildthe tillage Health 
Centre. Also, on the nights in ques¬ 
tion, the birds arrived within five to 
teoSf minutes of fiaing the petromax 
lanterns. Particular groups dashed 
towards particular lights ignoring 
others. It is safe to assume that thfi 
flocks are part of migratory birds 
flying in the nights during the p^od 
( though there may be a few resident 
birds in the collection) and^thesc, 
when caught in bad weather, simply 
drift with the strong winds. Accor¬ 
ding to Kramer, navigatic^nal faculty 
is inhibited in birds, if neither the 
sun nor the stars are visible, as dur¬ 
ing periods of heavy overcast sky 
with rain or fog. Al^o, according to 
McLean and Williamson, migratory 
birds caught in strong windi and rain, 
become dis-oriented and begin to 
drift down-wind. Hence, the birds 
seen at Jatinga are birds in flight 
over the limited width, not at great 
heights, drifting down-wind having 
become dis-oriented due to the ad¬ 
verse wither and get attracted by 
the light of the petromax lantents 


which are directly, in their line of 
sight However, ^kiese suggestions 
are only tentative and teqnire fhitha- 
investigatioa by experts. 
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in Bird Orientation, Ibis 94, 
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C. K. Ananthasubramamiak 
Chmtogpa Gcunder St. 

Coimbatore-641038 

II 

Sir, The phenomenon of 
birds flying, towards the source of 
light nnd allowing themselves to be 
captured without any attempt of self- 
defence or escape is very interesting* 
In bis article The Jatiaga bM uqrs- 
tery (-S.1I., September 1979), §en- 
gupta has listed some essential en¬ 
vironmental factors for this peculiar 
behaviour of birds. Probably this is 
dqe to the sudden change in the mag¬ 
netic field of the place. This may 
sound strange; but sometimes truth 
is stranger than fiction. It is known 
thatanimalsand birds aremore sensi¬ 
tive to dectromagnetic waves and 
supersonic sounds, etc., than human 
beings. This* is explained in a 
b(k>k Sunspots and Their Effects. 
It is also noteworthy that the 
bluing of the Koyna Dam in Mdut- 
rashtra years ago was attributed parr 
tly to the magnetic propeitka of die 
storage water. Probably the geolo¬ 
gical oonditioas between Jatinga 
Riuiiway Station and the ViOage 
Health Centie are such that die cem- 
ditiCMii limed fay S e ngn p t a pio- 

pmpetties the un d ergro u nd sto¬ 


rage water in the region theieby aff¬ 
ecting the magnetiqlleM in the parti¬ 
cular atmt for a temporary duration. 
This probably dt^rbs the psycholo¬ 
gical condition of the birds and tiiey 
react mechankally and just fly to¬ 
wards the source of light as thefirefly 
flies towards a sourCp of tight. 

K. A. VlSWANATHAN 
Reader in Mathematics 
IDSG Goit. College 
Chikmagaittr 
(JKdmatdkd) 


m 

Sir, 1 read with interest The Jatin¬ 
ga bird mystery {S.R-, September 
1979). In this connection, 1 am remin¬ 
ded of Pakihkirthy a temple situated 
on a hilltop near Madras. At this 
plac?e, two birds come daily at about 
11 a.m. Every day thousands of pil¬ 
grims visit this place before 11 a.m. 
to observe the arrival of birds. 
The pujari (priest) of the temple 
reaches the peak with prashad and 
drinking water. Near about 1L a.m., 
the birds appear theip. First they pei4 
form parikrama of the temple. The 
pujari chants tqfne mantras &cuig the 
east side. Then a thali is beaten by a 
spoon informing the phgrinyi of 4h€ 
arrival of the birds. On the sound of . 
the thaUy biftfs come to the pujari, 
eat aome proshady drink water and 
again fly away. Remtdmng prashad is 
distributed among all pilgrims. 

It is said that the two birds have 
been cotmng to this place daily since 
JuSi century. In 1447 and 1487, some 
Dutch and Enropean tourists visited 
this piaoe and wrote about the bjrits. 
The birds are timtlar to owls. 

In this age of science, arrival of 
birds, eating prasAm/, drinking water 
and flying back, daU^ at the saole 
place i«ma^ a 

PM.B. Gi^tanttB Soienee CeUegt 


IV 

Sir» I read with gmt interestjthe 
article by Sudhin ^ogupta, The 

September 

1979). I thank the author because I 
had heard before that so many birds 
are attracted at nights in a village of 
Assam in certain months of the year. 
' But I had no clear idea about it. 
Being a Zoology Honours student, I 
was waiting for such an article on 
this mystery. This article has invited 
the attention of the avian biologists 
. to the unique phenomenon, not oc¬ 
curring anywhere else in the world. 
All the four environmental factors, 
i.e., dark night, strong directional 
wind from south to north of the village 
(30 kmph-50 kmph), dense cloud and 
good rainfall which were absolutely 
essential for the influx of birds to¬ 
wards the source of artificial light 
help to solve the mystery. The 
reason why in this particular region 
such a striking phenomenon occurs 
is not clear. I hope S,R, will provide 
more information to readers on 
these queries. 

ViJAY Kumar Dass Hari 
C. Af. Science College 
DarbhcLnga {Bihar) 

V 

Sir, The Jatinga bird m 3 rstery 
{S,R,i Sept. 1979) by Sengupta 
should attract naturalists to uncover 
the mystery of the Jatinga bird. It is 
surprising that since 1905 the people 
of Jatinga village have been eating 
the flesh pf the birds but no ornitho¬ 
logist has tried to study this bird 
mystery, the. unique and most pecu¬ 
liar. Why don’t ornithologist like 
Salim All take interest and solve the 
Jatinga bird mystery? 

Ashok Kumar Sahu 
Kendriya Vidyfilaya 
Duikdan {Assam) 786602 

The irtory of PI 

Sir» The article The story of n 
by IC. R. Paitimsanithy (S.R., Sep- 

JANUARY 



tember, 1979) has really been a plea¬ 
sant reading. But it leaves us in the 
dark as before in regard to the irra¬ 
tionality of 7 c. He has, however, 
hinted at the end of his article that 
Lindemann succeeded in establishing 
the result by use of thefamousEuler’s 
formula e»d = — 1. The readers will 
appreciate if he furnishes a formal 
proof of the same in an understan¬ 
dable way. 

Asim Mookhopadhaya 
Dept- of Mathematics 
Charuchandra College 
Calcutta 700029 

II 

Sir, I feel K. R. Parthasarathy in 
his exhaustive article The story of n 
{S.R., Sept. 1979) should have ex¬ 
plicitly and prominently referred to 
the fairly accurate results obtained 
for n by the two early Indian ma¬ 
thematicians, Aryabhata and Bhas- 
karacharya, after whom our two 
satellites have been named. 

An interesting point about n is 
that its value has been calculaled 
upto 10,000 decimal places, with the 
help of the computer. This dementis- 
tratesthecapacityof modern Rietilpdf 
of computation, but is otherwise 
of little practical significanpe. Biecause 


if It is calculated to 40 decimal places 
it would give the circumference of 
the entire visible universe with an 
error imperceptible even with an 
electron microscope. 

S. K. Gurtu 
Defence Science Laboratory 
Metcalfe House 
Delhi-110054 

Jupiter—the largest planet 

Sir, The information provided by 
D. C. Goswami (Planets of other 
stars, S-R,^ September 1979) that 
the planet of Barnard’s star possesses 
a mass 1.6 times that of Jupiter, and 
the planet of 61 Cygni A has a mass 
10 times that of Jupiter was interes¬ 
ting. 

George Gamow in The Birth and 
Death of the Sun has inferred that all 
solid bodies, more massive than Jupi¬ 
ter, are destined to a complete in¬ 
ternal collapse and that their ultimate 
radii must be expected to become 
smaller than that of Jupiter. Thus 
Jupiter represents geometrically the 
largest piece of cooled matter that 
can, in principle, exist in the uni¬ 
verse. 

S. K. Gurtu 

For Her 

Sir, I have been reading S-R, for 
quite some time now. 1 request you 
to find some other title for the co¬ 
lumn For Her. As it stands, it gives the 
impression that women are capable 
only of reading the For Her column 
in *S.R.; and that the only asp' of 
science which can interest a woman 
are those connected with cosmetics 
or housekeeping! 

I am surprised that such an en¬ 
lightened bo^ of men, as 1 dm m.c 
the S.R. staff is, should heq) ia pci 
petuating such irrational,ui) 
and unsound attitudes cowards 
women. 

Ans 




Planets and 
their positions 


February 1980 



PLANETS 


VENUS ? 

JUPJTER 4 

MARS ^ 

SATURN K 


The moon 

F ull moon occurs on 1st at 
7.51 a,m. and the new moon 
on 16th at 2.21 p.m. l.S.T. The 
moon passes about half a degree 
south of Jupiter on 3rd, three 
degrees south of Mars in the very 
early hours of 4th, two and a half 
degrees south of Mercury on 17th 
and about three and a half degrees 


MOON 

0 FULL MOON 1ST 
> FIRST QUARTER 23RD 


south of Venus on 19th. The lunar 
crescent becomes first visible after 
the new moon day in the evening 
of 17th. 

The moon is at apogee or far¬ 
thest from the earth on 5th and at 
perigee or nearest to it on J 7ih. 

An occultation of the planet 
Saturn by the moon will occur in 
the very early hours of 5th. The 
phenomenon will be visible in India. 


At Delhi the planet remains covered 
by the moon from 0.12 a.m. to 
1.26 a.m. and at Calcutta from 
0.32 to 1.59 a.m. l.S.T. 

The planets 

Mercury {Budha) reappears as 
an evening star, sets about an hour 
after sunset during the month. It is 
at the greatest eastern elongation of 
about 18® from the sun on 19th. 
It becomes retrograde on 26th. 
Towards the end of the month it is 
too near the sun to be visible. It 
moves from Capricorn {Makara) to 
Aquarius {^Kumbha). Its visual mag¬ 
nitude varies from -1.1 to --1.6. 

Venus {Sukra) an evening star, 
sets about three hours after sunset 
during the month. It moves from 
Aquarius {Kumbha) to {Mina). 
Its visual magnitude is about —3.6. 

Mars {Mangald) rises about two 
hours after sunset during the first 
half of the month and sets at about 
sunrise during the second half. It is 
at opposition with the sun on 25th. 
It is in Leo {Simha). Its visual mag¬ 
nitude varies from —0.6 to — I.O. 

Jupiter {Brihaspati) rises at 
about sunset and sets at about sun¬ 
rise. It is at opposition with the sun 
on 24th- It is in Leo {Simha). Its 
visual magnitude is about —2.0 . 

Saturn {Sani) visible in the 
morning sky, rises about two and a 
half hours after sunset during the 
first half of the month and about 
one and half hours after it during 
the second half. It is in Virgo 
{Konya). Its visual magnitude is 
about +0.9 . 


TOTAL SOLAR ECLIPSE 

(Feb. 16, 1980) 

There will be a total eclipse of 
the sun on 16th February 19TO (sec 
also S.R 9 August 1979). This solar 
eclipse will be one of the idost im¬ 
portant astronomical evento of this 
century for India, as the path of 

JAWUAitY tm 



Table I. Laeal circomstaiices relatiog to some important places in India 


Place 

Eclipse 

Begins 

(1ST) 

Totality 

Begins 

UST) 

Time of 
Greatest 

Phase 

(1ST) 

f 

Totality 

Ends 

UST) 

Eclipse 

Ends 

(IST) 

Magnitude 


h m a 


h m s 

h m a 

h m a 


Bangaloro 

14 23 26 


15 43 34 

— 

16 53 34 

0.92 

Berhampur* 

14 40 17 

15 52 55 

15 54 05 

15 55 15 

lf>i59 10 

1.03 

Bhubaneswai^ 

14 42 15 

15 54 47 

15 55 10 

15 55 33 

16 59 35 

1.03 

Bombay 

14 18 38 


15 40 06 

— 

16 51 45 

0.87 

Calcutta 

. 14 46 47 

— 

15 57 27 

— 

17 00 12 

0.96 

£>elhi 

14 36 09 

— 

15 47 23 


16 51 16 

0,66 

Gadag* 

14 21 03 

15 41 00 

15 42 23 

15 43 46 

16 53 31 

1.04 

Gauhati 

14 51 42 

— 

15 59 22 

— 

16 59 56 

0.88 

Hubli* 

14 19 58 

15 40 24 

15 41 40 

15 42 56 

16 53 08 

1.04 

Hyderabad 

14 28 14 


15 46 55 


16 55 54 

0.99 


Tt»wwwwil w M W iw iii wnwi > iiii 
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totality passes over the Indiaa 
peninsula. The last total solar 
eclipse which could be clearly seen 
over Central India was on 
January 22, 1898. 

Considering the earth as a 
whole, the eclipse begins at 11.45 a.m. 
I.S.T. and ends at 17.01 p.m. I.S T. 
and will be visible over the part of 
the globe extending from long. 
30°W to long. 120°E and from lati¬ 
tude eO'N to latitude 35 *S, Le., 
practically the whole of Africa, 
Saudi Arabia, Iraq, Iran, Afghanis¬ 
tan, Pakistan, India, Nepal, Bangla¬ 
desh, Sri Lanka, Burma, Malaya, 
Thailand, Philippines, Indonesia, 
China, Mongolia and U.S.S.R. 

The totality on Indian peninsula 
begins at the West Coast at 15 39 
I.S.T. near Ankola (in Karnataka). 
The moon’s shadow then moves in a 
north-easterly direction after sweep¬ 
ing over Andhra Pradesh and Orissa 
and finidly leaves the cast coast 
near Puri at 15.56 I.S.T. and again 
touches a small stretch in MKoram. 
Table 1 gives local circomstanoes 
relating to some important places 
in India. Fig. 1 shows lines of con¬ 
stant magnitude at maximum of the 
ecl^se. The magnitude for any place 
in India can be roughly found frohi’ 





Table I. (Contd.) 



EcNpse 

Begins 

ilST) 

Totality 

Begins 

UST) 

Time of 
Greatest 

Phase 

{1ST) 

Totality 

Ends 

{!STy 

Eclipse 

Ends 

{1ST) . 

kiognitiide 

Karwar* 

14 17 20 

15 38 36 

15 39 56 

15 41 16 

16 52 10 

1.04 

iChammam* 

14 31 16 

15 47 32 

15 48 48 

15 50 OJf 

16 56 48 

t.04 

Koraput* 

14 36 41 

15 51 03 

15 52 01 

15 "^3 00 

16 58 19 

'.04 

Kurnot)!* 

14 26 21 

15 45 24 

15 45 44 

ifAB 05 

16 55 14 

1.04 

Madras 

14 29 06 


15 46*55 

— 

16 54 59 

0.89 

Nagpur 

14 32 06 

-- 

15 48 45 


16 56 20 

0.89 

Puri* 

14 42 03 

15 53 56 

15 55 04 

15 56 12 

16 59 33 

1.03 

Raichur* 

14 25 11 

15 43 40 

15 45 01 

15 46 22 

16 54 55 

1.04 

Srinagai 

14 39 56 


15 43 45 


16 42 05 

0.47 


Magnitude is the fraction of the sun’s diameter obscured by the moon at the time of greatest phase. 
♦Totality of the eclipse is visible at these' places 


it. Fig. 2 illustrates how the 
eclipsed sun will be seen in the sky 
from certain places in India at the 
greatest phase. 

The darkening of the sky during 
totality will permit only the bright 
stars and the planets (Mercury, 
magnitude —0.6 and Venus, mag¬ 
nitude —3.4) to be visible to naked 
eye. 

How to watch it 

Watching a partially eclipsed 
sun may be as hazardous to the naked 
eyes as the uneclipsed one. It is, 
therefore, essential to understand 
the hazard and take precautions as 
given below:— 

The intensity of sunlight for direct 
safe viewing should be reduced by 
at least 100,000 times and ultraviolet 
and infra-red part of the solar radia¬ 
tion should be effectively cut off. 
The most effective and easily accessi¬ 
ble filtering aid is two thicknesses 
of black-and-white photographic 
film completely exposed and develo¬ 
ped. Another safe device is the dark 
arc-welder's glass. 

Smoked glass, polarising material, 
colour film or sunglasses are not safe 
fi^^ntinued on page 34) 
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Science against 
superstition_ 



Not ail beliefs are without a seiei-^uSic hasii? 

but most of them cimuot stimd scicntihc scrurinv 


SHANTOO GURNANI MADHURI SHETH 


E ach one or us knows that su¬ 
perstitions play a prominent part 
in our daily life. We are not necessarily 
aware of the kind of superstitions we 
follow or the role they play. Super¬ 
stitions in our life go by various 
names such as rituals, beliefs, cus¬ 
toms and personal values. The ety¬ 
mological definition of superstition 
includes credulity in supernatural 
agencies, irrational fear of the un¬ 
known, and also any belief not based 
on sufficient evidence. Yet another 
view, that of a physicist Nobel 


Laureate P. Kush is that “Super¬ 
stition of today is knowledge of for¬ 
mer times, (but) it is unexamined 
knowledge”. We see that supers¬ 
tition has a very wide definition. In 
this article, therefore, we will discuss 
only some examples of superstitions 
which have been investigated scien¬ 
tifically and some of these which 
need to be investigated. 

Superstitions are not confined to 
any particular religion or culture. 
They are spread over all human socie¬ 


ties. The term superstitition as it 
stands is ambiguous and has sub¬ 
jective connotations. For simplifica¬ 
tion, superstitions are qualified as 
religious, cultural, and personal. 
The practice of superstitions not only 
varies with the type of religion and 
culture, but also with each indi¬ 
vidual. While religious and cultural 
superstitions are shared by a com¬ 
munity and hence are accessible to 
investigation, personal superstitions 
are not easily accessible for study and 
understanding. 


Dr Gurrtani is with Biochemistry and Food Technology Division, Bhabha Atomic Research Centre, Bombay. Dr. Sheth is with 
National Institute of Training industrial Engineers, Bombay 





Sneexing 

Let us cite here some of the super¬ 
stitions prevalent in most parts of the 
world. One of them concerns snee¬ 
zing. Now sneezing can occur to any¬ 
body, anytime, at any place in the 
world. To the superstitious, however, 
there is something prophetic and 
ominous about it. Some even believe 
that internal convulsions may dis¬ 
turb and drive out the soul. Hence 
the common custom of blessing the 
sneezer to ensure the return of the 
soul to its proper abode. Others 
consider it a good or ill omen depen¬ 
ding on when and where the sneeze 
occurs; it even matters very much 
on which day it occurs. Here is an 
old rhyme cited by Lore Cowan in¬ 
dicating various meanings that sneeze 
foretells. 

Sneeze on Monday, you sneeze 
for danger 

Sneeze on Tuesday, you kiss a 

stranger 

Sneeze on Wednesday, you sneeze 
for a letter 

Sneeze on Thursday, for some¬ 
thing better 

Sneeze on Friday you sneeze for 

sorrow 

Sneeze on Saturday, your sweet¬ 
heart tomorrow 

Sneeze on Sunday, your safety 

sake 

The devil will have you whole of 
the week. 

Medically sneezing is the body’s 
defence reaction to remove a foreign 
material which has somehow got into 
nasal passage. Yet we continue to 
adhere to the old superstition; we 
lack a questioning attitude. 

Throbbing of the eye 

What a great part docs right and 
left play in our belief ! Take, for ins¬ 
tance, the twitching of an eye, Which 
is auspicious for a woman, left or 
right? Of course; it is left,Throbbing 


of the left eye brought hope in Seeta's 
lonely hours during her captivity in 
the Ashoka Vatika. She wondered 
and, Lo! and behold, she met 
Hanuman on that day and received 
Rama’s message. But what does 
physiology say about the twitching 
of an eye? It occurs because of the 
excitation of a nerve which leads to 
an aberrant contraction and relaxa¬ 
tion of the eye muscles. It can be 
logically contended that Seeta’s 
eye must Have twitched because of 
the tension she was undergoing dur¬ 
ing her captivity. Since the side from 
which the tension is relieved is a 
random choice, a correlation between 
events and the twitching eye is irre¬ 
levant. This is one of the examples 
to show how our beliefs have come 
to be enmeshed in folklore and his¬ 
tory. 

Even some great men in literature 
were afflicted with such an irrational 
habit of mind. It is said that Voltaire 
used to be in bad temper whenever he 
heard a raven croak on his left. 

Scientific investigations of prenatal 
influences 

Medical and psychoanalytical 
investigators have come to the con¬ 
clusion that not all the phenomena 
considered superstitious beliefs from 
time to time are amenable to scien¬ 
tific investigation. However, some oT 
thos^ beliefs which have been exa¬ 
mined tend to confirm that there is 
substantial truth at least in some of 
them. 

For example, there has long been 
a belief in most societies that a preg¬ 
nant woman is in a vulnerable state 
particularly to the influences of spi¬ 
rits, and to changes in the position 
of the stars and planets. There¬ 
fore, she must follow certain taboos. 
It is widely held that she should 
expose herself only to pleasant ex¬ 
periences, see photographs of beauti¬ 
ful children and should not get easily 
worked up, etc. During the eclipse, 
a pregnant woman is advised to lie 


down quietly in a dark room und 
not to expose herself to the environ¬ 
mental influences till the eclipse is 
over. 

Advances made in medical field 
also maintain that the prenatal ex¬ 
periences definitely affect the foetus 
in various ways. Medical evidences 
of the last two decades strongly 
support the view that, not only phy¬ 
sical illness of the mother, but also 
her experiences of psychological 
stress, can adversely affect the foetus. 
It may result in malformations or 
defee:., in the nervous system, pro¬ 
ducing intcllectural or behavioral 
disturbances. It is also an established 
fact that the lunar cycles have ad¬ 
verse effect on mentally affected peo¬ 
ple. Most recent developments in bio¬ 
medical sciences define health as a 
state of harmony between the magne¬ 
tic fields of different groups of cells 
in the body. It would, therefore, seem 
that the recommendation to preg¬ 
nant women to keep cheerful in plea¬ 
sant settings is a sound advice. Our 
ancient story of Krishna and his preg¬ 
nant sister Subhadra (Arjuna’s wife) 
is interesting in this context. The un¬ 
born Abhimanyu, yet in the womb, 
is said to have heard his uncle ex¬ 
plaining to Subhadra about the me¬ 
thod of entering the Chakra Vyuh. 
To the rational mind, this would 
appear as a figment of imagination. 
But, a reasonable reflection would 
show that this probably is an exag¬ 
gerated, symbolical and parable 
style of expressing the same prenatal 
influences. Naturally, visual symbo¬ 
lism to convey abstract thoughts to 
common folks was the most impor¬ 
tant vehicle of communication in 
those days when there was no written 
language. Rites and rituals probably 
originated in pit language days as 
observed by J. Bronowsky ; “When 
there is no language, when you have 
nothing that can be called chemical 
formula then you must have a precise 
ceremonial which fixes the sequence 
of operations so that they are exact 
and memorable”. 



Smullpox 

Similary, Edward Jenner the 
discoverer of smallpox vaccine, made 
his important discovery by pursuing 
a superstition commonly prevalent 
among farmers. While an apprentice 
in his teens, he had heard about a 
local belief in Gloucestershire that 
people infected with cowpox from 
cattle were immune to smallpox. 
His contemporary physicians rc- 
fu:>ed to pay attention to such 
tales, but the same probably inspired 
Jenner’s experiments which led to 
the scientific confirmation of the 
belief. 

Other superstitions 

Superstitions about numbers, 
colours, metals, and precious and 
semi-precious stones are common. 
Most of these are personal super¬ 
stitions depending upon fancy of an 
individual. Number 13 phodbia is 
a familiar example. Colours, numbers, 
stones and zodiac signs are supposed 
to .somehow influence human destiny. 

Amulet 

An amulet is an object which is 
either carried or worn or placed in 
the house as a protection against evil 
or evil designs of other people. The 
mostcommon method followed in our 
country is to make a pendant and 
tie It around the neck or on the left 
or right arm. The pendant (TViv/z) 
usually contains some written verse, 
e.g., Japsahib. Koran^ or Pantisakhri^ 
Mantram or a picture of a god or a 
living guru. The other common prac¬ 
tice is to wear a copper bangle either 
in the arm or on the foot to cure 
or keep away illness (a practice 
not only prevalent in India but 
also in U.K.). A ring compounded 
of seven metals is worn to keep 
away spirits and ghosts. 

Here is an interestingly written 
amulet-abracadabra, a word very 
popular with magicians. The follow¬ 


ing form is written on paper and 
hung about the neck to counteract 
illness. It is believed that as the 
lines diminish, so will the illness 
(Cowan, L., 1968). 

A U RAC A \ H R A 
U R \ C I i ^ H R 
A n K /V \ ^ ^ B 

^ H R • V C \ 1 * A 
A B R A r f> 

A ii R A. A 
A H R c: 

A B R A 
^ 

A B 
A 

The warding off* of the illness by such 
magical methods is prevalent in 
India, but is probably predominant 
in some areas. In Kerala and Laksha¬ 
dweep, these practices are still 
popular. 

Origin 

Anthropologists and psychoana¬ 
lysts have paid particular attention 
to study and understand the origin 
of superstitions. The old schools of 
these disciplines rely heavily on 
Freudian interpretation. Modern 
behaviorists mainly depend on sur¬ 
veys and studies of behavioral pat¬ 
terns in animals. But how far such 
data 'can explain human behaviour 
is not clear. 

The simple explanation which 
appears self-evident is that man 
suffers from the fear of the un¬ 
known. This fear creates tension and 
stress. He tries to know the future 
and particularly the harmful events 
so that he can take preventive 
measures. 

The alternative explanation pro¬ 
posed by G. Jahoda, Professor of 
Psychology, University of Strath¬ 
clyde, Glasgow, is related to the basic 
human characteristics of perception 
and thinking. According to him, 
man has the tendency to structure 
the environment into cognizable 


patterns and to find meaning in the 
most diverse groups of events in 
order* to derive satisfaction from such 
an achievement. Conversely, he feels 
threatened and disturbed when an 
environment or an event fails to 
make sense. 

Superstition—a forerunner to science 

Magic may be forerunner of most 
scientific activity. Birth of many 
sciences begins with simple but crude 
hypotheses which arouse imagina¬ 
tive thoughts. This is evident in 
pseudo-sciences such as alchemy and 
astrology from which chi'smistry, 
astronomy and mathematics have 
emerged. This view is also held by 
Karl Popper who feels that nearly all 
scientific theories originate from 
myths and that myths may contain 
important anticipations of scientific 
theories. In support, among other 
examples he traces the origin pf the 
theory of evolution to Empedocles’ 
idea of trial and error. Perhaps, the 
Indian idea of man having to under¬ 
go 84 transformations also has 
cannotations for the evolution 
theory. 

Scientists" responsibility 

Once superstitions get fixed, it is 
not only difficult to dislodge them, 
but also they seem to multiply. 
Science is Latin word for knowledge. 
To quote P. Kush again, “an essen¬ 
tial quality of science is its dyna¬ 
mism, the continuing search for new 
knowledge of nature, for new in¬ 
sights, for new formulations of ever 
inclusiveness for precision and ele¬ 
gance."" With the evolution of the 
society, the social patterns also keep 
changing perceptibly and impercep¬ 
tibly depending upon the impact 
of new knowledge through various 
media, arts, science and technology. 
Taboos and rituals which do not 
serve any function often, die out but 
new ones spring up. 
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Here, scientists can help in two 
ways; (a) by examining deep rooted 
superstitions through scientific inves¬ 
tigations, and (b) by disseminating 
information about scientific dis¬ 
coveries related to existing super¬ 
stitions. Since scientific method is 
based on causation, examination of 
the superstitious beliefs with unbiased 
mind should help bring out the facts 
underlying a variety of those pheno¬ 
mena which are presently dubbed 
superstitions. The knowledge thus 
acquired would provide information 
regarding their correctability or im¬ 
probability. And It goes without 
saying that with new knowledge old 
superstitions would soon be dispel¬ 
led. However^ scientists must re¬ 
member that common man will 


understand causation only in his 
own language. Therefore, 
they must demystify science for 
conveying the facts to layman. The 
famous psychiatrist Thomas Harris 
has explained that it is necessary ^‘to 
develop a ‘Public’ language decon¬ 
taminated of technical jargon and 
suited to the discussion of universal 
problems for a particular cultural 
society.” This means that scien¬ 
tists must convey scientific know¬ 
ledge to people in their own 
cultural patterns. 
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FOR HER {Continued ft oni page Ijfi) 

In some groups of animals, a 
dense layer of cells called the ‘deci¬ 
dua’ (Fig. 1; is formed around the 
embryo. It was believed to provide 
immunological protection. In case 
of ectopic pregnancy, that is, where 
the fetus develops outside the womb 
(in the intestine or the fallopian 
tube) there is no decidua but still 
pregnancy continues upto a certain 
extent. Therefore, it is not the deci¬ 
dua which affords protection to the 
fetus. 

The trophobiflst 

In early stages of pregnancy, 
the fetal tissue specialised for con¬ 
tact with the maternal tissue is the 
trophoblast now called trophoecto- 
derm. It is probably due to 


the presence of this layer that the 
fetus owes its privileged position 
as an allograft. The trophoblastic 
or trophoectodcrmal cells are sur¬ 
rounded by a fibrinoid material - 
sialic acid rich mucopolysaccharide. 
It has been found that cells of the 
trophoectoderm giafted to anatomi¬ 
cally unnatural sites or ipjected m a 
separate individual fails to provoke 
an immune response. Transplan¬ 
tation antigens are present on cells 
of trophoectoderm but their refrac¬ 
toriness may be due to the presence 
of a cell coating that may repel 
lymphocytes. Another interesting 
find is that the higher the genetic 
incompatibility between the mother 
and the fetus the greater is the in¬ 
vasion of the trophoblast within the 
uterus. 


These facts indicate that the 
trophoblast or the trophoectoderm 
provides a considerable degree of 
protection to the fetus. This 
protection, may be by several 
modes; (alThe mucopolysaccharide 
barrier might provide protection 
against cytotoxic lymphocytes, 
(b) Cells of trophoectoderm may be 
resistant to lymphocytic attack, (c) 
A certain substance may be secreted 
and elaborated by the structure 
which may be immunosuppressive 
in nature. However, there arc some 
other possibilities which remain to 
be investigated. 

Chandrima Shaha 
Deptt. of Reproductive Biology 
Indian Institute of Experimental 
Medicine 
Calcu(ta-70n 032 



Y. K. BANSAL 


About DNA 
that is SILENT 


The discovery of silent DNA is the latest and most 
dramatic demonstration of the striking differences that 
sets apart prokaryotes from eukaryotes 


^UR understanding of the organi- 
sation of protein coding genes in 
higher organisms has recently begun 
undergoing a revolution. Analyses of 
eukaryotic as well as prokaryotic 
genes now suggest in general that cod¬ 
ing sequence on DNA—the regions 
that are ultimately translated into 
amino acid sequence—are not con¬ 
tinuous but are interrupted by what 
is now called as ‘Silent DNA\ Even 
in the gerics which do not code for 
protein (e.g., tRNA g^mes of yeast, 
rRNA genes in Drosophila and viral 
messages from adenovirus, Rous 
sarcoma virus and murine leukaemia 
virus) the primary RNA transcript 
contains internal regions that are 
excised during maturation, the final 
tRNA or mRNA being a spliced 
product. 

The development of sophisticated 
recombinant DNA techniques has 
led to the isolation of a number of 
animal genes—ovalbumin, globin, 
immunoglobin, histone to name a 
few. These genes were studied 
as defined by the mRNA or protein 
sequence to characterize the start and 
end of each gene in the hope of dis¬ 
covering common control features. To 
make things simple, it is known 
that primary sequence of the pro¬ 
tein is determined by mRNA which 
in turn is synthesized on one of the 
strands of genomic DNA, probably 
first as a precursor of high molecular 
w'eight (hnRNA). Several animal 
mRNAs on being sequenced have 
shown that the coding sequence, 
which starts with an initiator triplet 
and is read to the 3' terminator tri¬ 
plet, is preceded by a capped, non- 
translaled region. Restriction en¬ 


donuclease mapping of total genomic 
DNA followed by hybridisation of 
the resulting DNA fragments with a 
probe specific for structural gene 
sequences are the two complemen¬ 
tary approaches that have recently 
led to the discovery that eukaryotic 
genes and their mature RNA pro¬ 
ducts need not be strictly colinear 
as had been previously assumed and 
that the initial or primary transcript 


of a gene is longer than the mRNA 
largely because all the intervening se¬ 
quences are transcribed and subse¬ 
quently chopped out (spliced). Res¬ 
triction mapping method is more 
quantitative in that fragment sizes 
and position can be correlated with 
known distances in the structural 
sequence. However, in the absence of 
favourably placed restriction sites, 
some intervening sequences may be 
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missed. Electron microscopy of the 
RNA-DNA hybrid technique per¬ 
mits more direct analysis of inter¬ 
vening sequences and detects addi¬ 
tional intervening sequences. 

Experimental evidence 

In rabbit j9-globin mRNA the 
sequence of bases starts at one end 
with the triplet specifying the N- 
terminal amino acid of the protein 
and moves without interruption 
to the other end where the protein 
terminates. But in the gene the 
sequence of bases coding for fi- 
globin is not continuous. In parti¬ 
cular one fragment of cloned com¬ 
plementary DNA (obtained by re¬ 
verse transcription of mRNA) which 
is 333 base pairs long hybridises to 
a restriction fragment of genomic 
DNA that is more than twice as 
big. Evidently the restriction frag¬ 
ment contains an additional insert of 
some 700 base pairs length (which is 
as big as the structural gene for 
globin itself) in the middle of the 
gene which does not appear in the 
final mRNA (Jeffreys, A, J. and 
Flavell, R. A., Cell, 12 , 1097, 
1977). 

Recently, Ledcr, P. et al. of 
U.S.A. (CSH Symposium 1977), upon 
reverse phase chromatography (which 
separates according to base composi¬ 
tion and secondary structure) after 
having purified the mouse ^-globin 
gene many hundred times, got two 
fragments approximately 15,000 and 
7,033 base pairs long respectively. 
Each of these though much more 
purified over the original DNA, still 
contained one globin containing se¬ 
quence. The mixture was then re¬ 
combined with suitably disabled vec¬ 
tor. Recombinants containing the 
mouse 3 -globin gene were selected. 
The cloned mouse DNA which was 
ten times the size of the coding se¬ 
quence showed upon hybridisation 
with mouse globin mRNA, an ex¬ 
tra loop in the middle of DNA. 
Restriction enzyme analysis confirm- 
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ed the existence of a 4S0 base pair 
(bp) long intervening sequence. 

Using specific restriction enzymes 
R. Breathnach of the Laboratory of 
Genetics and J.L. Mandel of the 
Institute of Chemical Biology, Stras- 
bourge, France {Nature, 270 , 314, 
1977) have demonstrated that there 
is an interruption in the chicken 
chromosmal DNA sequences coding 
for ovalbumin mRNA between 
the Hin fa and Mae III sites and 
again between Mae III and Hin 
f 4 of the double stranded comple¬ 
mentary DNA (cDNA). These inter¬ 
rupted segments were not repre¬ 
sented in mature mRNA. 

F. Rougeon of the University 
of Genie Genet, Paris, France (1977) 
working with reverse transcriptase 
used a 300-400 nucleotide long 
cDNA preparation to synthesize the 
double stranded Rabbit /9-globin DNA, 
and after amplifeation ended up 
with a 100-150 b.p. long integrated 
globin DNA which was only about 
one fifth of the length mRNA. 
Thus he indicated that non-coding 
silent DNA occurs together with the 
protein coding one. The mouse 
Immunoglobin (Ig) sequence when 
inserted into plasmid vector is only 
about 700 bp long whereas Ig mRNA 
in 9SD bp long indicating that about 
200 bases of light chain mRNA 
sequence must be missing from the 
cloned sequence (Seidman, J. £. 
and Leder, P., 1978). 

Analysis of the gene coding for 
mouse (Tilgham, S.M. et al., Proc. 
NatL Acad, Sci., USA. 74 , 4406, 
1977 and 75 , T25, 1978), mouse 
Ig^ light chain (Brack, C. and Tone- 
gawa, S. {Proc. Natl. Acad, Sci., 
USA, 74 , 5652, 1977), yeast tRNA 
(Goodman, H. M. e/ nl., Proc. Natl. 
Acad, Sci., USA, 74 , 5453, 1977), 
Drosophila ribosomal genes (Glover, 
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D.M. 5 ,149,1975), haemo¬ 

globin mRNA, mahy virus mRNAs 
and cellular mRNAs (Darnell, 
J.E. Jr., Science, 202 , 1257, 1978) 
have all resulted in the hitherto 
unexpected finding that these DNAs 
contain additional sequences (DNA 
regions) which are not used in 
encoding and are, therefore, not 
represented in the final gene product. 
A. Dugaiezyk et aL of Baylor College 
of Medicine, Houston, Texas,. USA 
{Nature, 274 , 328, 1978) have recently 
shown that by cloning the ECORI 
fragments of the natural ovalbumin 
genes followed by hybridisation, 
restriction enzyme analysis and 
electron microscopy of the hybrid 
formed between the closed DNA 
and ovalbumin RNA the structure 
gene sequences coding for ovalbumin 
were found to be separated into 
eight sequentially oriented pieces 
by seven intervening sequences of 
various lenghts (Fig. 1 ). This chick 
ovalbumin gene according to Robert¬ 
son et aL of Cambridge (1979) 
is a particularly extreme example 
of an interrupted gene. Intervening 
sequences of about 1200 bp length 
have also been reported between the 
V-C junctions (V=amino terminus; 
C*=carboxy terminus) in a Ig protein 
chain (Brack and Tonegawa, 1977), 
ovomucoid gene (J.F. Catterell et al. 
Nature, 278 , 323, 1979), human 
foetal globin gene (P.F.R. Little et 
al. of St. Mary’s Hospital, London 
and University of Amsterdam — 
Nature, 278 , 227, 1979) thus establi¬ 
shing them in euki\.ryotes too. Illus¬ 
tration on page 14 shows what gene 
inserts look like the eukaryotic DNA. 

Though whether a split gene yields 
a correct mRNA remains yet to be 
established (for there is no accurate 
enzyme known to cut transcribed in¬ 
serts out), scientists have given possible 



models to account for that. Bob 
Williamson of St. Mary’s Hospital 
and Medical School, London (1977) 
maintains that untranscribed regions 
along with RNA polymerase trans¬ 
cribe in the ordered fashion the ov¬ 
albumin gene to yield directly the 
mRNA. Cattercll, J.F. e/ al. of 
Texas and Cambridge suggest (1978) 
that potentially an RNA polymerase 
transcribes only exons leaving the 
inirons thus giving the correct mature 
RNA. The primary nuclear RNA 
transcripts that arelargerthan mRNA 
may be cleaved but selected pieces 
may ‘splice’ back together to yield 
the mature mRNA (Darnell, 1978). 
According to another hypothesis 
RNA polymerase synthesizes a copy 
of the entire gene copying both 
introns and exons regions. This pre- 
mRNA could be cut and exons 
joined in the correct order leaving 
behind the introns. Spliced genes 
of adenovirus (Chow, L.J. et al.y 
1977) p-globin (Tilgham et al., 
ovalbumin (Williamson, 1978, 1977), 
yea.st tRNA (Goodman, et al., 
1977) support the latter mechanism. 
Yet another model (Tonegawa, 
S. et al., Free, Natl. Acad. Sci., 75 , 
1485, 1978) proposes that the two 
adjacent exons however distant in 
an [g A chain pre-mRNA could be 
brought into close proximity by the 
formation of a hydrogen-bondduplex 
regions between the two ends of 
the respective function regions. The 
splicing enzymes then by a specific 
and precise mechanism could 
bring the distantly located exon 
sequences into close contact and join 
them up correctly in the pre-mRNA. 
This ligation of RNA molecules has 
been referred to as RNA. RNA, spli¬ 
cing by Darnell, J.E. Jr. of Rocke¬ 
feller University, New York (1978). 
According to this mechanism since 
the base pairing occurs between adja¬ 
cent junctions larger hairpin loops 
may be generated out of the introns. 
This model gives an immediate struc¬ 
ture of higher cells which are now 
shown to have high molecular weight 


heterogenous RNA (hn RNA). 
Out of this hn RNA, the transcription 
product the smaller messengers for 
expressed polynucleotide sequence 
are spliced. 

Inspite of all these suggestions 
it seems, a bit too early to 
speculate the role the split gene 
organisation might have had in the 
regulation of gene expression at 
the transcriptional and/or post- 
transcriptional level. 

Conclusions and genetic implications 

The discovery of silent DNA has 
made an important breakthrough in 
the field of molecular genetics. Ac¬ 
cording to Walter Gilbert of 
Harvard University, USA {Nature, 
271 , 501, 1978) the concept of cis- 
tron—the genetic unit of function— 
must now be replaced by that of a 
transcription unit containing regions 
which will be lost from the mature 
messenger. In other words, a gene 
now corresponds not to one poly¬ 
peptide chain but to one transcrip¬ 
tion unit (i.e., many polypeptide 
chains). The regions which would 
express into a mature mRNA are 
called ‘exons’ interrupted by 
‘introns’ which would remain un¬ 
expressed (silent) and finally be lost 
from the mature mRNA. He concei¬ 
ves gene to be a mosaic holding 
exons in a matrix of silent DNA. 
The DNA in introns is expected to 
be many times more than what may 
be present in exons. This model 
may take well into account the 
extra DNA (over that needed to code 
for genetic products) that may be 
present in higher cells. The details 
of intron-exon structures became 
clear subsequently and many authors 
regard intron-exon model an estab¬ 
lished one (see Garpin et al.^ Cell^ 
14, 629, 1979, Gannon et al., Nature, 
278 , 428, 1978). 

That eukaryotic structural genes 
are interrupted by sequences of silent 
non-informatiVC DNA is now refer¬ 
red to as the ‘gene-in-pieces’ struc¬ 


ture. C. C. F. Blake of the University 
of Oxford has recently (Nature, 
273 , 267 , 1978) come forward with 
an attractive explanation that ‘gene- 
in-pieces’ infact implies protein-in¬ 
pieces and the exonic regions of 
DNA correspond to integrally fol¬ 
ded protein units—domains or super¬ 
secondary structures. According to 
this model a new enzyme could be 
formed by the combination of two 
or more domains (exons) (folded into 
a stable globular form) which branch 
out the amino acid side chains and 
thus contribute towards the forma¬ 
tion of active site. This might shortly 
in future be tested by sequencing the 
DNA known to code for domain 
enzymes. 

‘Silent DNA’ model may even¬ 
tually turn out to bring important 
events to successful completion in 
eukaryotic cells development. Since 
the gene is spread over a larger 
region of DNA, recombination for 
want of DNA molecules to get 
together, may be hampered in higher 
cells. Recombination within introns 
may generate hot spots for eukaryotic 
genes. These hot spots may thus be 
brought into a transcription unit to 
make special differentiation products. 
These special gene products might in 
turn on new splicing patterns thus 
determining new differentiation path¬ 
ways. 

There are different explana¬ 
tions as to why such massive 
nucleotide sequences should be 
retained and not deleted from the 
proteins especially when they arc not 
used as a part of mRNA. Some 
authors maintain that the capacity 
to streamline a genome by discard¬ 
ing DNA sequences not demanded 
by environmental stress is rather a 
late development in evolution, where* 
as broken gene organisation has 
been in existence in eukaryotic genes 
for a long time. W.F. Doolittle 
(1978) proposes that gene$-in- 
pieces and splicing represent an early 
state of cell evolution. This split 
structure was present in the genomes 



of the common ancestors of both 
prokaryotes and eukaryotes. Accord¬ 
ing to him the bacteria while be¬ 
coming streamlined shed the flexi¬ 
bility offered by splicing while eu- 
karybtes successfully specialized by 
retaining this very early arrangement 
of genetic material. This splicing of 
RNAs according to a recent view 
might generate novel proteins more 
rapidly than could the single muta¬ 
tions which are of rare occurrence. 
The evolution proceeds by making 
use of new as well as old gene 
products and this is what the introns 
provide. Studies on rabbit and hu¬ 
man globin mRNAs have yielded 
information that a larger section of 
the y non-coding regions is signi¬ 
ficantly conserved in evolution. This 
conservation of the sequence might 
possess defined sequence specific 
functions. 

There ha>e been two major 
thoughts regarding the origin of 
divided genes. According to first the 
genes that arose first had continuous 
sequences. But as eukaryotic cells 
evolved from a prokaryotic cell pre¬ 
cursor the urge for sophistication in 
control was satisfied by the deve¬ 
lopment of RNA. RNA splicing abi¬ 
lity with subsequent insertion into 
transcriptional gene areas. The sec¬ 
ond view holds that eukaryotic cells 
are composed of DNA that was 
never contiguous and therefore has 
not become divided. According to 
this view the separated eukaryotic 
DNA segments were recruited long 
ago within the same transcriptional 
unit and become established as a 
functioning gene because RNA.RNA 
ligation allowed the Use of all the 
protein coding information within 
the primary RNA transcript. 


This RNA.RNA splicing pattern 
development from primary transcript 
of broken gene coula have facili¬ 
tated evolution either very early 
when a functional genome made its 
start or during cellular evolution 
when most of the complex cellular 
capacities arose. Thus according to 
Darnell (1978) the complex of bio¬ 
chemical reactions that results in 
mRNA formation is the chief evolu¬ 
tionary basis that draws the line bet¬ 
ween eukaryotes and prokaryotes. 
Since many of the post-transcriptional 
events in mRNA formation, viz., 
capping, poly (A) addition or spli¬ 
cing-have not been reported in 
bacteria. Darnell regards that se¬ 
quential evolution from prokaryotes 
to eukaryotes is unlikely and euka¬ 
ryotes have evolved independently of 
prokaryotes rather than by inser¬ 
tions into prokaryotes. 

W.F. Doolittle (1978) also dis¬ 
believes that tightly organised pro¬ 
karyotic genome is primitive and 
argues that eukaryoticgenes-in-pieces 
organisation is infact primitive ori¬ 
ginal form. Since progressive evolu¬ 
tion of higher forms is seen as a 
corollary of progressive increase in 
genomic complexity (Britten, R. 
J. and Davidson, E.H., QRev. 

46 , 111 , 1971 and others), the origin 
of this type of organisation could be 
a bit difficult to explain. Gene inserts 
may be now thought to play a part in 
progressive evolution but their 
introduction into unique essential 
gene is most often lethal (Kleckner, 

1977) . It is now suggested (Doolittle, 

1978) that DNA replication, trans¬ 
cription as well as translation have 
been unfaithful in the last common 
ancestor of prokaryote and eukar¬ 
yotes. Unfaithful systems evolve 


rapidly and in such cells a genes-in- 
pieces organisation with RNA spli¬ 
cing have current (evolutionary) as 
well as additional role to ensure that 
exons (which may often be incorrec¬ 
tly replicated and transcribed) were 
at least occasionally assembled to 
template functional proteins. As re¬ 
plications, transcription and transla¬ 
tion became more faithful, such sys¬ 
tems became less necessary and re¬ 
plication and transcription of this 
non-informational silent DNA 
became more and more irrelevant. 
These, therefore, were eliminated 
gradually. The bacteria were first lo 
pay the price. The higher forms 
retained it accidentally. 

Whatever be the extent to which 
we have understood the broken 
gene organisation, it has already 
created sensation in the field of 
molecular biology by bringing start¬ 
ling facts and possibilities in light. 
It may soon, it is hoped, solve 
many nagging problems that still 
exist in genetics. 

Further reading 
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4. Williamson, Bob; DNA insertion 
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The use of capacitor microphones is well established for recording, entertajjiment, 
broadcasting and acoustic measurements, etc., as they possess a high sensitivity 
and good frequency response in the audio rax^, and produce no bad^round 
noise like other types of microphones 


T he capacitor microphone was 
developed over fifty years 
ago as the first studio and labo- 
artory audio frequency pick-up de¬ 
vice capable of precise calibration 
and having a smooth well-defined 
response. Prior to this, microphones 


had been mainly carbon granule or 
moving coil devices with irregular 
and often unstable response charac¬ 
teristics, The capacitor microphone 
was a considerable advance on pre¬ 
vious studio microphones in respect 
of smoothness of response, linearity. 


etc., which made it suitable for use 
in broadcasting and recording stu¬ 
dios where the highest sound quality 
is desired. 

Capacitor microphone is a pres¬ 
sure operated device. When a sound 
source emits sound, it does so by 
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producing very rapid vibrations in 
the air which are superimposed on 
the steady atmospheric pressure. If 
the pressure variation can be isolated 
from the atmospheric pressure, a 
small cyclical force is available to 
derive a light diaphragm system. 
A microphone which is designed to 
isolate the atmospheric pressure and 
utilise the remaining cyclical pres¬ 
sure for electrical reproduction of 
sound waves impinging on it is 
known as pressure operated micro¬ 
phone. 



Working of capacitor microphone 

The capacitor microphone de¬ 
pends for its action on the variation 
of capacitance between a tightly 
stretched metallic diaphragm situa¬ 
ted in close proximity to a rigid 
metal back plate The back plate 
is insulated from the remainder 
of the microphone and a polarizing 
voltage is applied between it and the 
metallic diaphragm. Sound pressure 
acting on the diaphragm causes it to 
vibrate about its mean position and 
so varies the capacitance between 
the back plate and the diaphragm 
In the presence of acoustic pressure 
the voltage acioss the capacitor is 
given by 


where Q is the charge stored in 
the capacitor of capacity and I 
the voltage applied for polarising via 
the resistor R (Fig 2)- 

Sound pressure changes the spa¬ 
cing-between the diaphragm and the 
back plate by an amount, say - 
The spacing at any instant is .v i A' 
and the capacitance at that instance 
is C ± AC. 

Then, 




Fig. l.VarkwB typ«i of Biicf o gl io oeg ; (Top) coriioa mfcropiionr (used in iete|ibiNie 
men^hpierf), (Middk) Dywindc micropJionr, (Bouom left) cnpocitor mkroglMiiic 
(Motiom right) thtanA mkmgktmt 


where, is a constant. If the value 





The rather low capacitance of 
conventional capacitor microphones 
is primarily due to the wide separa* 
tion between tKe electrodes and the 
use of air as the dielectric. 

A capacitor microphone with 
high capacitance (of the order of 50 
picofarads per cm*) can be made by 
using a thin metallised dielectric 
film as diaphragm and placing it 
very close to the backplate. As the 
capacity of such a solid dielectric 
capacitor microphone is higher than 
that of conventional air gap capa¬ 
citor microphone, amplifiers with a 
correspondingly lower input impe¬ 
dance can be used. However, the 
solid dielectric microphone still re¬ 
quires a dc bias. 

Electret microphone 

The elimination of the dc bias 
has been achieved by several methods. 
For instance, microphones using 
thick wax electret (an electret is a 


of the resistance is large, the charge 
Q is virtually constant. 

Then, 

v~±2^y 

As a and Q arc constants, is 
proportional io^s. That is, the va¬ 
riations in voltage across the capa¬ 
citor, which constitute the output of 
the microphone, arc proportional to 
the displacement of the diaphragm. 
The conventional air gap capacitor 
microphone shown in Fig. 2 has 
many desirahle features such as flat 
frequency response, a good impulse 
response, and low distortion. How¬ 
ever, two shortcomings have limited 
tlicir use: (1) The small capacitance, 
abc!ut 10 picofarads per cm*, requires 
that they should be coupled directly 
l i a vacuum tube amplifier; and 
They require a dc bias usually 
between 50 volts - 200 volts. 
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tliclccinc marerial in which pcrni;i- 
nent polarization can be induced,' 
have been built But the dis¬ 
advantage of such systems is the vers 
large separation between the elec¬ 
trodes, which leads lo a very small 
capacitance Also, the life of wax 
electret is short 

Another possibility to eliminate 
the dc bias is the u.se of prepolarised 
thin polymer foils. Microphones with 
prepolarized foil exhibit the foliow> 
ing characteristics: 

I The polarization of the foil Fig, 4. Impedaace natctiiBg of capacitor micropiNine to a Iranslstoriiicii amplittrr 
electrets eliminates the need of an 

external dc bias which is necessary in and the dipoles remain frozen in Low-noise impedance transforming 
conventional air gap capacitor mi- their oriented position. The polariza- input amplifiers 
crophones; tion of the foil consists of hetero 

2. They exhibit constant sensiti- and homo charges. (Fig. 3) The hetero Capacitor microphones are gener- 
vity over a period of years; and charge consists of dipoles that have ally unsuitable for coupling directly 

3. They have relatively high capa- been aligned by the field at high tern- to normal transistor amplifiers using 

citance because of the closer spacings perature. The external field created bipolar junction devices. The trans- 
of the electrodes and high dielectric by the hetero charge has the opposite istor amplifiers have relatively low 
permittivity of the foil. polarity to that of polarizing field, impedance circuits which seriously 

The electet microphone is similar The homo charge consists of a posi- alter the response of the capacitor 
in construction to conventional air tive space charge on one side and a microphones. Although electret 
gap capacitor microphones. Only the negative space charge on the other microphones have a capacitance 
metallic diaphragm of air gap micro- side of the electret. The homo charges which is about one order of magni- 
phone is replaced by prepolarized exist because electrons are relocated tude greater than air gap capacitor 
polymer foil. The foil consists of a in the foil, or electrons migrate bet- microphones (about 40 pf at 30 
dielectric material such as polyester ween the foil and the metal plates hertz), this is also well above the 
or fluorocarbon which is metallised during the polarizing process. The impedance range of normal transis- 
on one side. These foils, when sui- polarity of the field produced by the tors, while for amplification pur- 
tably charged, retain the charge for homo charge is same as that of the poses the input impedance of the 
years in all weather conditions. The polarizing field. amplifier should be more than 100 

capaciunce of a typical electret mi- In the deposited charge method, megohms if a flat frequency res- 
crophone with 6.25 micrometer thick the electret is formed by bombarding ponse is to be maintained, 

foil and having a diameter of 3.8 the material with charged ions either In the past, electrometer-type 

cm is about 600 picofarads, which from a corona discharge in air or vacuum tubes have been used for 
is about 10 times higher than that from an electron beam. When dielec- the input stages of amplifiers. But 
of air gap capacitor microphones. trie films are exposed to corona dis- transistor amplifiers are preferable 

The usual method of making an charge, charges get trapped at or because of small size, less power 
electret is by thermoelectret process very near to the surface of the film, consumption, robustaness and longer 
(Fig. .’). The polymer foil is heated which in turn provide the perma- life. The advent of field effect tran- 
to its softening temperature and nent polarization of the material, sistor (FET) has solved the problem 
exposed to a voltage greater than 20 In the other process, the foils of amplifier coupling with capacitor 
kilovolts per cm for a time long are exposed to electron beam in microphone. The use of FET in the 
enough to partially orient the dipoles vacuum. This method is capable of preamplifier stage lowers the high 
between the two parallel metal plates, considerable control, as the choice of impedance of the capacitor micro- 
The foil is then allowed to cool beam voltage allows one to select phone which facilitates the use of 
slowly in the presence of the field, the penetration depth while beam transistor amplifiers (Fig. 4). 

Hits ensures that the dipole orienta- current and exposure time control The FET may be regarded as a 

tion is maintained during cooling, the injected charge densiQr into the voltage operated device which behaves 

Tlie polarising field is then removed dielectric material. more like a vacuum tube than a nor- 





mat transistor. The biasing voltage 
requirements, size and shape are 
like that of a normal transistor, 
but its characteristics are like a 
vacuum tube. Conduction occurs 
through a semiconductor channel 
between the source and drain in 
presence of supply potential. The 
current is controlled by the width of 
depletion regions determined by the 
controlling voltage applied to the 
gate electrode (Depletion regions 
are areas in a semiconductor where 
the carriers have been substantially 
removed owing to the potentials and 
fields established across the pn 
juctions.} 

In many ways the junction FET 
has ideal characteristics as an 
input amplifying device for high 
impedance transducers. Their input 
imepdance is high, the noise 
level can be made very low and quite 
high amplifications cun be obtained. 

Performance 

The frequency response of an 
electret microphone having a capaci* 
lance at about SOD picofarads is 
shown in Fig 5. The response is with¬ 


in I.S dB from 50 cycles per second 
to 15000 cycles per second. Their 
sensitivities generally lie between - 50 
and —60 dB V for a sound pressure 
level of 1 micro bar. The lower 
limit of the dynamic range of electret 
microphones is determined by noise 
levels. The self noise of these micro¬ 
phones has been found considerably 
below that of low noise preampli¬ 
fiers. As shown in Fig. 5, electret 
microphones have a more or less 
flat frequency response in the audio 
frequency range, low distortion, and 
an excellent impulse response. 

In order to determine the suita¬ 
bility of polymer films for use as a 
diaphragm in the electret microphone 
extensive studies have been made in 
India on various imported as well as 
indigenously available polymer films 
such as polyvinyl chloride (PVC), 
polyvinyl acetate (PVAc), polyvinyl 
fluoride (PVF), polyvinylidc».c fluo¬ 
ride (PVFg), mylar and teflon with 
reference to charge injection, charge 
decay under various ambient and 
polarizing conditions. Various charg¬ 
ing devices wer6 tried to find suitable 
charging method for a particular poly¬ 
mer film. These studies have revealed 
various parameters such as nature 


and thickness of polymer films, 
electret life time, etc. 

Considerable work has also been 
done on the mechanical design of 
these microphones. Suitable micro¬ 
phone matching impedance and pre¬ 
amplifier arrangements have been 
developed using field effect transistors. 
The prototypes of electret microphones 
were fabricated and tested which 
were found satisfactory. These micro¬ 
phones are ideal lor tape recorders 
and would also be useful in hearing 
aids, earphones, studio applications 
and sound measuring instruments, 
etc. 

Further reeding 
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EXPONENTIAL VARIATION 
WITH TIME 

a natural law of change 


W L have all heard the story of 
the clever man who asked a 
king for a grain of rice one day, two 
grains for the second day ^ lour grains 
for the third, eight for the fourth 
and so on for a month or two. The 
not-so-intelligent king agreed and 
brought upon himself ruin by not 
realising the mathematical signiti- 
cance of the proposition. Although it 
was a matter of a few grains initially, 
the king had to deal with enormous 
quantities very soon because of the 


increase of the daily ration at an 
increasing rate. 

There arc several types of mathe¬ 
matical functions which describe 
similar variations of a variable r with 
respect to another variable a*. The 
exponential function is one among 
them. In exponential variation, in 
general, v may either decrease or 
increase with increase in the value of 
A, the rate of change gradually 
changing. 

A well-known example of expo- 


Many changes in sdenccj 
technology and society 
foliow expiMiential laws of 
one kind or another. They 
have profound implications 
in loi^term predictions of 
technmgical and social 
change 

ncntial increase pertains to money 
deposited in the savings bank account 
in a bank. If the bank account has a 
constant interest, compounded an¬ 
nually, then the total savings may 
increase slowly at first but, conse¬ 
quently, it begins to rise very rapid¬ 
ly. If Ku is the initial amount and r 
is the annual interest rate, then the 
amount in the account after r years 
will he : 

Y.^Y., . exp, K, .(I) 

where K is a constant which equals 
In (1-l-r). 

We say that the variation of the 
total amount in the bank with time 
is exponential. The derivation of 
exponential equations is carried out 
subsequently. 

It is not usually realised how 
widely this law and similar laws are 
valid in science, technology and so¬ 
ciety in general. This article examines 
this with examples from different 
areas and also discusses some im¬ 
plications in relation to long term 
predictions of technological and 
social change. 

Some aimpie types of exponential 
variation 

We shall now see how the expo¬ 
nential increase or decrease of a vari- 
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able is an automatic consequence of 
a constant rate of change(e.g., cons¬ 
tant birth rate expressed as births 
per 100 persons per year, constant 
rate of invention expressed as per¬ 
cent growth in the number per year, 
etc.). Consider a variable y and its 
variation with time t. Some simple 
types of exponential variations are 
shown in Fig. 1. 

Type la : Exponential growth at 
increasing rate : Type la which shows 
increase of y at an increasing rate is 
the most obvious kind of exponen¬ 
tial variation. This describes the 
growth of the savings bank account 
and general population in many 
countries. The variation follows the 
simple law : 

dy (dy/y) 

— = K.y or-= K ..(2) 



Fig. 1. Some types of exponential variations 


dt dt 

where K, again, is a constant. 


This gives, 

In y - Kt . .(3) 

If we consider the limits y — y# at 
t=4==0 

y=y, at t=t , 

then In (Y,/Y,) Kt ..(4) 

Yt=Yoexp. Kt. ..(n 


Eqs. (1) to (4) are based on the 
basic premise that the rate of change 
of y (with time) is proportional to 
the value of y at the given time and 
that the rate of change of y per unit 
value of y is constant. So, if we say 
that every IQO people add to the po¬ 
pulation 3 persons per year then K 
has a value .03/yr. K has the same 
value if a bank account grows cumu¬ 
latively with a rate of interest of 
three per cent. With a fixed value of 
K, y goes on increasing at an increas¬ 
ing rate as shown in Fig. 1 (a) be¬ 
cause dy/dt increases as ,v increases. 


Many natural phenomena, tech¬ 
nological changes scientific develop¬ 
ments, etc., follow this trend and, 
therefore, the exponential law is made 
use of for long-term projections using 
a linear plot according to Eq. (4) 
Such forecasts, often called heuristic 
forecasts, are discussed in greater 
detail subsequently. 

Type l{b) : Exponential decay at 
gradually decreasing rate : If the 
variable y decreases with time we 
can write a ‘decay’ equation : 

dy 

- = -Ky ..(5) 

dt 

which gives Yi=Yo exp. (—Kt) . .(6) 

The well-known radioactive de¬ 
cay follows this law. Particles are 
transformed because of radioactivity, 
the rate being proportional to the 
number of particles present. The 
rate gradually goes down because of 
the decrease in the number of par¬ 
ticles and a complete decay would 
take infinite time. To compare the 
decay rate of different radioactive 


elements, therefore, one makes use 
of the (finite) time for 50% trans¬ 
formation—the so-called ‘half-life’ 
period. 

Type 1 (c) : Gradually diminishing 
rate of increase : This is complemen¬ 
tary to Type (b) and may be seen 
as the difference of curve (b) from a 
fixed quantity. So is, if(b) represents 
the number of particles decaying, 
(c) represents the number of parti¬ 
cles which have already decayed. 
Note that the sum of the two, the 
total number of particles originally 
present is a constant. 

Consider another example. Sup¬ 
pose a furnace is kept at a fixed lerm- 
perature Tf and a piece of metal is 
suddenly put inside. Thepieceis ori¬ 
ginally at the room temperature. 
It is obvious that initially the piece 
would begin to get heated up fast 
but gradually the rate of heating 
would diminish as the temperature of 
the metal approaches the final equi¬ 
librium temperature—the tempera¬ 
ture of the furnace itself. 

As a first approximation, let us 
assume that, at any instant, the rate 




- K (A-y) 


.. (9) 



of heating is proportional to the tem¬ 
perature diflference between the fur¬ 
nace and the metal piece. 

In other words, 

dT 

— K.(T,.T) ..(7) 

dt 

where T is the temperature at time f. 

If T„ is the initial temperature, then 
integrating Eq. (7^ within the limits 
t—0 to t=t one gets 



i.e. (T,-T) = OV TJ exp. (Kt) 

■ 

If we write ,r in the place of T, then 
Eq. (8) gives eq. for the curve(c). 

This type of exponential variation 
is found in many situations where 
a variable y increases towards a 
final value. 

Type l^d) : E\ponetuidl decrease 
at gradualfy increasing rate : The 
radioactive decay example pertains 
to a decr^l^g rate situation. We 


can think of an opposite trend where 
the decline of a variable is small 
initially hut the rate gradually in¬ 
creases with time. 1 his is represented 
by curve(d) in Fig. I. Curve(d) may 
be seen as complementary to curve 

(a) . So (d) can be derived by sub¬ 
tracting (a) from a fixed quantity. 
If the total amount of money in a 
bank was fixed, then (a) shows the 
gro'^th of a particular account and 

(b) represents the drop in the share 
of savings belonging to others. If a 
particular section of a community 
accumulated wealth according to 
curve (a), then curve(d) would show 
the decline of the wealth owned by 
the rest of the community if the total 
wealth of the community was fixed. 
Again, if the total population is fixed 
and curve (a) indicates the increase 
in the number of literates, then curve 
(d) would indicate the drop in the 
number of illiterates. 

It is of interest to note that when 
there are complementary variables, 
as discussed in the preceding para¬ 
graph, then the rapid growth of one 
must lead to simultaneous rapid 
decline of the other. 

The equation of the curve (d) 
would be based on the basic premise, 


dy 
dt 

where A is a constant. 

A fundamental question 

One can ask as to why it was 
necessary to assume a constant ‘rate 
coefficFcnt* K in the exponential 
•lodels. Firstly, it is the simplest 
and most straightforward assump¬ 
tion. Secondly, it offers an idealised 
trend against which actual trends can 
be assessed. The exponential equa¬ 
tions can be plotted as strai^'ht lines 
in semilog plots. If data in any parti¬ 
cular case exhibits deviations, it is 
easy to discern whether the data has 
a systematic bias, whether the trend 
IS faster or slower than an exponen¬ 
tial or whether the deviations merely 
tend to oscillate around a mean. 
Sometimes the deviations are directly 
due to short time disturbances, e.g., 
in the case of production of consu¬ 
mer goods due to war, economic 
recession, efc., and when the causes 
for the temporary deviations are 
removed the variable jumps back 
to the original trend. Sometimes, 
however, the deviations represent 
more than a temporary affair and 
there rilay be important reasons why 
the simple exponential variation is 
no longer adequate. 

For example, consider the growth 
of the number of books in a library. 
Suppose that the librarian initially 
adds to the stock new books at the 
rate of 5 per cent of the total hold¬ 
ings. If there is such a fixed rate, 
then the total number of books in¬ 
crease exponentially. Many famous 
libraries have actually followed this 
trend. Such exponential growth im 
plies that an increasing number of 
new books arc bought every year. So 
the annual grant for new books must 
increase every year (even disregarding 
inflation!) If at some point financial 
curbs freeze the annual giant to 
purchase a fixed number cf books 
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every year, then the semilog plot 
would indicate a drop away frorh a 
straight line. 

More complicated models 

It should be obvious that in many 
real cases a simple exponential varia¬ 
tion cannot describe the changes 
adequately. Consider a model of 
scientific progress. If we assume 
that the rate of increase in the accu¬ 
mulation of information ! is propor¬ 
tional to the total number of infor¬ 
mation which already exists, to a pro¬ 
bability that a scientist entering a 
unit of information will react and 
create a new unitof information and 
to the number of scientists N in the 
field, then the rate of increase in /, 

dl 

-- K.hTl. .(10) 

dt 

where K is a constant. 

If the probability factor and N 
remain constant, we have simple 
exponential growth such as shown 
by Fig. 1(a).However, in some fields 
such as computers the number N 
may be changing itself, perhaps in an 
exponential manner (say, Nj= . 
exp. K't). 

Additionally, the probability fac¬ 
tor may not remain constant and K 
may change. Again the likelihood 
of emergence of new information 
may decline in some areas and in¬ 
crease in some other areas because 
of various factors. So, if there is an 
upper limit of total information it 
might become increasingly difficult 
to unearth new knowledge. If mutual 
interaction amongst scientists is 
positive then the likelihood may in¬ 
crease with increase in the number of 
scientists. It is also possible that 
beyond a certain number of scien¬ 
tists the performance of the individual 
declines. All such possibilities would 
complicate the actual relationship 
between / and t. We can think of 


similar complications in all the 
examples considered previously. 

Technological forecasting 

The aim of technological forecas¬ 
ting is to analyse trends and make 
long term projections on some ra¬ 
tional basis. Such forecasts, known 
as heuristic forecasts, often make 
use of the simple exponential grouch 
eq. (4) which gives a linear plot un 
semi log paper. A plot of the logari¬ 
thm of the variable versus time 
should give a straight line. If the 
linearity holds for a prolonged per¬ 
iod in the past and the present then 
one can extrapolate the straij^* ; line 
plot with some measure of confi¬ 
dence. 

S. Bowonder and P. K. Rohatgi 
have written ar excellent article on 
the subject of technological fore¬ 
casting with special reference to 
India and some of their data arc 
summarised in Fig. 2. The figure 
shows that the data for several vari¬ 
ables such as production of pig iron 
per year, grain, electric motors, ter- 
tilizers and air travel passengers do 
follow the ^exponential growth law 
and, accordingly, give linear plots 
on the semitog graph paper. It 


seems reasonable to extend the 
linearity for heuristic forecasts in 
some cases at lea.st. 

There is also a prominent excep¬ 
tion. Although the Indian iron and 
steel industry grew exponentially in 
the initial years after independence 
the rate of increase dropped sub¬ 
sequently, the setback being parti¬ 
cularly pronounced after 1965 Indo- 
Pak war. The change in the trend and 
drop away from the exponential 
growth line seems to have been a 
permanent feature. 

Increase in demand 

in the preceding paragraph we 
have discussed the exponential growth 
in the supply of some commodi¬ 
ties. Such growth may, at first glance, 
indicate a happy situation. However, 
It should be noted that with the pas¬ 
sage of time the population grows, 
the industry expands and, conse¬ 
quently, the demand also continues 
to increase. This increase is also often 
exponential because of a constant 
rate at the unit level. It is, therefore, 
often the case that in spite of an ex¬ 
ponential growth there remains a 
persistent gap between demand and 
supply. Some data for Ipdia, again 
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summarised IVom the data of Hev 
wonder and Rohatgi, arc shown 1 n 
} ig. 3 The: figure shows that even 
if the produciion of fertilisers, steel 
and houses continue to increase in 
the exponential manner there would 
remain a permanent shortage which 
may even keep on increasing with 
time. 

Some implications of the exponential 
growth and exponential decay laws 

t xponcntial laws where the rate 
of change increases steadily have 
;n)portant implications. Firstly, in 
such laws the change at any instant 
IS defined in terms of the total value 
ot ihe variable at that instant So 
if literacy latc in the country is to be 
imprt^vcd exponcnlialiv then it can 
only be achieved by mass participa¬ 
tion. Starting from a few nuclei of 
teachers it must spread by illiterates 
becoming literate and then partici¬ 
pating themselves m the teaching pro¬ 
cess. Leaving the job to a few agen¬ 
cies will not do. In fact, it this is the 
case then chances arc that the in¬ 


crease in the number of literates may 
creep up slowly but per cent literacy 
may drop significantly. In other 
words, the number of people born 
every year exceeds the number of 
people taught to read and write. 
This has actually happenco If athle¬ 
tic activities are to spread then every 
athlete must induce others thus be¬ 
ing a vehicle of transformation him¬ 
self. 

Secondly, if there is a persistent 
lag between demand and supply 
then only a significant difference in 
the basic rate constants (K) can bri¬ 
dge the gap. The basic late of increase 
of demand must be lowered and that 
for the supply increased. This is 
generally far easier said than done 
particularly if the demand grows 
because of population growth. The 
gap can be bridged only by drastic 
changes in the trends by such me¬ 
thods as widespread and cfTcclive 
family planning, real technological 
breakthroughs and long term nation¬ 
al planning. Bowonder and Rohatgi 
have pointed out that India has to 
provide housing to the majority of 


the population by the year 2000 , 
every year more than 5 million hou^s 
have to be built. India will n^t 
be able to build all these houses using 
steel reinforced concrete structures 
even if all the steel produced between 
now and then is used for housing 
alone. It is therefore imperative that 
all other possible alternatives in 
building materials are tried out ex¬ 
tensively. In fact, in India, continued 
shortage of the basic items in many 
areas is obvious unless newer and 
alternate sources are developed, 
technological breakthroughs are 
ade and a sense of thrift is introdu¬ 
ced to minimise the levels of con¬ 
sumption. 

Further reading 

L Ayres, Robert U., Technological 
Fo. .acting and Long Range 
Plannings McGraw Hill Book 
Company, NY (1967), Ch. 7. 

2. Bowonder, S. and Rohatgi, 
P. K., Technolov cal Foreca.sling 
and Social Change^ VoL 7 (1975), 
p. 233. 
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Science quiz 

l.fii), 2 ( 1 ), 3.(i\ 4.(iv), 5.(ii0. 6 .(ii), 
7.(0, 8 .(i), 9.(ii) 

Brain teasers 

1 The only three digits which 
give superimposiblc mirror images 
are 1 , X and 0. Since the mirror image 
of the page number was an exact 
replica of itself it must have com¬ 
prised only these digits. Further 
since Rajnikant opened the fourth 
volume of the book, the page num¬ 
ber must have been between 1501 


and 2000. The only four-digit num¬ 
ber in this range which also fulfils 
the conditions laid down in the pro¬ 
blem IS 1881. This, therefore, gives 
the required page number. 

2. The total number of eggs in 
the basket must be between 12 and 
60. Also, when turned upside down, 
it must be a readable number. 
Only three such numbers are in the 
range 12 to 60 namely, 16, 18 and 
19. Different pairs of digits that add 
up to 16, 18 and 19 are respectively : 

16 : 7,7; 8,8 

18 : 7,11 ; 8,i0; 9,9 


17 : 7,12; 8,11; 9,10 

Of these pairs of digits, the first 
digit in each pair gives, say, the 
number of white eggs and, the second 
digits, the number of brown eggs. 
These numbers, as stated in the pro¬ 
blem, must exceed 6 . 

It is now easy to see that 18 is 
the desired number which gives the 
total of the eggs. Its inversion is 81 
which is equal to the product of 
the two digits (9,9) that have been 
printed in bold types above. It follows 
that the basket contains nine white 
and nine brown eggs. 
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HONEYDEW 

a food by insects 
for insects 


A sugary fluid excreted by ca*tain plant-sucking insects, S- P- KURL 

hoaeydew is a complex mixture of nutrients including 
free amino acids and amides, proteins, minerab and 
B'vitamins 


P eople know about ‘honey’, 
^honcybcc^ ‘honeycomb’ and 
‘honeymoon’ toojbut not honcydew. 
The dictionary meaning of honeydew 
is'.sweet, sticky substance found on 
leaves and stems, excreted by aphids 
(Insects : Homoptera). More preci¬ 
sely, honeydew refers to the liquid 
droplets exuded from the anus by 
aphids, coccids and many other 
plant-sucking insects. It was custo¬ 
mary to refer to ‘mannas’ as plant 
secretions and ‘honeydews’ as secre¬ 
tions produced by insects. Sweet plant 
secretions other than nectar do exist, 
but many of the early so-called 
mannas seem to have been produced 
by insects. 

From very early times, deposits 
of honeydew (and manna) on or 
near plants hav6 attracted much 
interest, especially because of their 
high sugar content. The manna or 
sugary honcydew excreted by aphids 


and scale insects is used as a sweet 
by peasants in Turkey, Iraq and Iran. 
According to F. S. Bodenheimer and 
E. Swirski (1957) of Iraq, about 
31,752 kg manna is collected and 
sold in Iraq annually. In Australia, 
Chermid honeydew is collected as 
food by the aborigines. Referred to 
as ^ “sugar-lerp”, upto 1.5 kg of 
honeydew can be hervested by one 
person in a single day. 

l&seyitew mud mamui 

The excreta of the plant-feeding 
Homoptera, particularly aphids and 
coccids, are specially interesting 
not only because of the relatively 
enormous amounts produced—as 
much as several times the weight 
of the insect in 24 hrs—but also be¬ 
cause of the extremely high carbo¬ 
hydrate content which may exceed 
80% of the total weight of the fresh 


excreta. These excreta are very 
attractive to other insects and are 
termed honeydews (liquid) or manna 
(crystallized honcydew). The excre¬ 
ment is a clear fluid. In aphids and 
coccids it contains much unabsorbed 
organic matter, particularly carbo¬ 
hydrates, and furnishes the ‘honey¬ 
dew’ that collects on the leaves of 
plants in dry weather. The manna 
is a similar product from the coccids. 
It contains 55% of cane sugar, 25% 
of invert sugar and 19.3% of 
dextrin. 

Recent studies have demonstra¬ 
ted that fre^ honeydew is usually 
a complex mixture of a large variety 
of chemica] compounds, including 
several sugars, amino acids and 
amidet, organic acids, alcohol, 
auxina, salts, etc. 

Many homoptera secrete a sweet, 
sticky fluid; often in such 
quantities , when the insects arc in 


Shri Kurl is workitig as U.O C. Teacher Reseamh Fellow in Zoology, Uniwsity of Jodhpur-34aODl 



HorMtydow 
droplet 





Fig. 1. Aphid ckcrctlog a droplet ol honcydey* 


abundance, that in falling it makc^ 
a noise like fine rain. Sticking on 
leaves, fruits or bark, it adheres am^ 
dries, serving as a medium for the 
growth of sooty mould—blackish 
fungus which spoils vegetables, giv¬ 
ing to such places a sooty appear¬ 
ance. This secretion appears to be 
produced most abundantly by the 
soft scales, white flies, plant-lice, 
jumping plant lice and some of the 
tree hoppers. 

Honcydew is also secreted by 
leaf hopper, Pyrilia. In sugarcane 
the leaf surface gets covered with the 
material which attracts a number of 
other insects and encourages the 
growth of a kind of sooty mould. 
The result is that the whole crop 
gives a blackish, unhealthy appear¬ 
ance, the utilization of the sunlight 
is hindered and considerable decrease 
results not only in the yield of sugar¬ 
cane per hectare but also in the sugar 
recovery and in the quality of sugar 
recovered. 

Aphids feed on the phloem sap 
of plants, rich in sugars but poor 
in amino acids essential tor aphid’s 
growth. They have to ingest enor¬ 
mous volumes of plant juice in or¬ 
der to be able to acquire sufficient 
protein. The residual solution of 
digested food, mainly sugars, is 
stored in the dilated rectum before 
ejection to the exterior in the form 
of a droplet of honcydew (Fig. 1). 
In aphids, honcydew contains about 
11% dry matter of which 88% is 
carbohydrates and 7% nitrogenous 
compounds. Honeydew of aphids 
has the maximum nitrogenous 
content as compared to the excreta 
of other insects and man (Tabic 1). 

Among aphids the frequency of 
excretion varies from 1.7 to 20 
dropleu(per aphid per 10 hr), the dia¬ 
meter of droplets varying from frac¬ 
tions of I mm to 1.5 mm. The fre¬ 
quency and rate of excretion may 
vary considerably between species. 
The frequency of excretion decreases 
gradually from the first instar to the 
iidult. Some species excrete from 


33% to 133% of their own body 
weight per hour depending on instar. 
The frequency of excretion alone does 
not necessarily represent a good 
comparative measure of the quantity 
of honeydew excreted. Regular honey- 
dew excretion is interrupted by moul¬ 
ting, and may cease momentarily 
at other times during the nymphal 
and adult life of an aphid. 

It is generally assumed that aphids 
deprived of food cease to excrete, 
although a much reduced excretion 
may occur during a few hours of 
starvation. The species, variety, part 
and growth stage of the host plants 
fed upon may influence honeydew 
production. No significant difference 


in frequency was observed whether 
aphids fed on flowers, buds, or vege¬ 
tative branches, but the frequency 
was higher on leaves and stems than 
on ]>etioles. 

Collection of honeydew 

Collecting sugary fluids is a 
very ancient habit of ants. Some ants 
depend more on honydew than 
others. At one end some species are 
said only to lick up fallen honcydew 
from the leaves of plants, while 
at the other, a few are totally de¬ 
pendent on their own species of 
aphids kept in their own nests. Some 
ants visit plant-lice in the open air 


Table x. Compoaftion of nitrogenous excreta of insects and others 


Constituent 

Housefly 

Mosquito 

Aphid 

Moth 

Mm 

' 

% of total 

nitronen 



Uric Acid 

36.2 

43.3 

0 

47.2 

1-3 

Urex 

3.7 

11.9 

0 

0.5 

80-90 

Ammonim 

1.3 

6.4 

5.8 

13.2 

X5-4.5 

Amino N 

7,4 

4,4 

90 


2-6 

Protein 

0 

10.8 



Trace 





Pig. 2. The cage for the collection of honeydew 


on plants some distance away from 
iheir nests. Wood ants, for instance, 
visit 65 species of aphids and may 
travel as much as 100 metres to reach 
them. A large aphid can produce 
upto 1.7 cu. mm of honeydew an 
hour. An ant colony can collect 
about 6 kg of honeydew from aphids 
in 100 days. 

^ For scientific study of honeydew, 
the latter may be collected by using 
a cage (Fig. 2). The aphids arc 
kept in cages manufactured from 
Perspex rings of 12 mm internal dia¬ 
meter and 5 mm thick. One ring 
is fixed to the sapling stem 
and muslin is applied between 
the upper suface of the ring and 
the stem. Honeydew is collected in 
aluminium foil cups of known weight 
held flush against the lower surface 
of the Perspex ring. The area of 
stem available for insect feeding 
is approxmately I cm*. During 
honeydew collection,^the saplings are 
held horizontal so that any honey¬ 
dew produced falls into the alu¬ 
minium foil cup. The aluminium 
foil cup containing honeydew is 
replaced every 24 hrs and dried to 
constant weight at 40®C. 

Chemical constituents 

Most of the higher sugars present 
in the honeydew are synthesized 


enzymatically by the insect from 
the simple sugars glucose, fruc¬ 
tose and sucrose found in the 
plant sap. The honeydew of 
aphid Tuberolctchnus contains 
sucrose, fructose, glucose, the 
trisaccharide melezitosc and various 
other oligosaccharides, all of which 
are derived from the action of inver- 
tase on the sucrose of the plant 
sap. The hexose residue split from the 
sucrose in the diet is not transferred 
exclusively to water as in hemical 
hydrolysis, but combines with other 
sugars present to produce various 
oligosaccharides, glucosucrose, 


tructomaltose^ etc. This *tran$glu- 
cosidase* activity of invertase is 
found in many other insects besides 
aphids and coccids. 

Chemical analysis of honeydew 
indicates its high sugar content 
well as the presence of 
melezitosc as a carbohydrate con- 
tituent, and of nitrogenous 
compounds. The word ‘mele- 
/itose’ (named after the French mUi- 
:e for larch) was first used by Ac 
French ChemistM. Berthelot in 1859 
to describe a new sugar isolated from 
mama de Briancon secretion collected 
on larch trees in the French Alps. 

Amino acids remain unchanged 
during passage through the gut of an 
aphid, whereas sugars may be par¬ 
tially converted by aphids and coc¬ 
cids to melezitosc (Fig. 3). In some 
aphids there appear to be two «- 
glucosidases with different acceptor 
specificities to different ends of the 
sucrose molecule. The effect of one 
is to add glucose to C-4 of the 
glucose in the sucrose to form glu¬ 
cosucrose, while the effect of the other 
is to add glucose to the C-3 of the 
fructose in sucrose to form mclezi- 
tose . A rise in temperature from 20®G 
to 25°C or a light wind of 2.5 kph 
may increase the sugar concen¬ 
tration slightly, probably as a result 
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Fig. 3. Two types of ollgoticcharUc lynilMsii !■ the gut of ophMl 




Fig. 4. Workers of ontt Formica sp. attending aphids. Note the imbibing of honeydew droplet by ant 


of an increase in water evaporation 
from the aphid’s body, although 
changes in the plant carbohydrate 
metabolism affecting honeydew sugar 
content cannot be ruled out. 

The results of qualitative paper 
chromatographic analyses of sugars 
in honcydews show that fructose, 
glucose and sucrose are gene¬ 
rally present, together with a few oli¬ 
gosaccharides such as melezitose and 
the glucosucrose (fructomaltose) sc¬ 
ries. The simple sugars fructose, glu¬ 
cose, sucrose and glucose-1-phos¬ 
phate have also' been reported from 
extracts of many of the host plants. 
The presence of jnvertase in the ap¬ 
hid gut strongly suggests that hexoscs 
in honeydew are mainly digestion 
products so long as the aphids are 
tapping sieve-tube elements. 

The various oligosaccharides of 
honeydew can be regairded mainly 
as products synthesized from simple 
sugars through gut invertase action. 
By the use of dyes and radioactive 
components in the diet, it has been 
confirmed that in Jassids (leaf-hop¬ 
pers) most of the water and sugars 
pass by way of the filter epithelia 
to reach the hind-gut by the short 
route and are rapidly eliminated as 
honeydew. The amino acids and pro¬ 
teins remain in the digestive tract. 


The presence of nitrogenous com¬ 
pounds in the honeydew was estab¬ 
lished only in the sixth decade of the 
present century. Sotne 9-23 amino 
acids and amides are of general 
occurrence in the honeydew of 
aphids. Twelve compounds occurring 
frequently include alanine, aspara¬ 
gine and aspartic acid, glutamine 
and glutamic acid, the leucines, 
phenylalanine, proline, serine, threo¬ 
nine and valine, all of which are also 
reported free in the phloem of many 
plants. On the other hand, at least 
five amino acids, viz., tyrosine, histi¬ 
dine and some unidentified amino 
compounds are reported to be pre¬ 
sent in coccid’s honeydew while they 
are absent in the food source. 

Aphids feed on the phloem sieve 
tube juice which exists under pressure 
in the plant and can be controlled 
by cutting through the embedded 
stylet-bundles after they have been 
inserted by the insect. The amiro 
acids excreted in the honeydew are 
in much lower concentration than 
they are in the sieve tube juice. The 
phloem juice of bean, Vida faha^ 
contains 19 amino acids or amides, 
no peptide orprotein and has a total 
nitrogen content of 0.24%. Thoho¬ 
neydew from aphid Megoura sp. 
feeing on this juice.contains all the 


same amino acids but in reduced 
concentration, with a total nitrogen 
content of 0.11%. There are some 
extra amino acids, viz., tryptophan 
and histidine. 

Besides carbohydrates and 
nitrogenous compounds, there are 
some other compounds present in 
honeydew. Citric, malic, succinic, fu- 
maric, isocitric and pyrrolidone car¬ 
boxylic acids, disodium citrate, phos¬ 
phate, nitrate, chloride and sulphur 
have also been reported from honey- 
dew in very negligible amounts. In 
some cases dulcitol, ribitol, inositol, ^ 
adinotol and sorbitol are also detec¬ 
ted. Auxins such as 3-indoleacetic, 
indolebutyric and indolepynivic acid- 
ethyl-1-3-indoleacetate and 3-indo- 
leacetonitrile have also been reported 
from honeydew of aphids feeding on 
wheat and barley. 

The implication that honeydew 
may be a complete food is supported 
by the evidence that it is not merely 
a solution of sugars but a complex 
mixture of nutrients including free 
amino acids and amides, proteins, 
minerals and B-vitamins. 

Honeydew and ants 

^ The relation of ants to aphids is 
most interesting as honeydtw is an 
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importAnt part of tbeir diet and in 
some cases it may be their only food. 
There is every evidence that the bene¬ 
fit is mutual; the ants protecting the 
aphids, driving away the enemies or 
carrying them to the protected pla¬ 
ces. Ants that care for root-feeding 
aphids heep them in undeiground 
chambers or galleries, conduct them 
to their sources of food supply, 
collect and store their eggs for the 
winter, and in the spring take the 
young to their food. Similarly, scale 
insects that produce honeydew are 
also cared for in a sense, for ants are 
very attractive to them and to an 
extent prevent them from enemies 
by their presence and activity. 

Although the evidence that an 
intimate bond exists between certain 
aphids and certain ants is fairly 
dear, the ant’s capacity for animal 
husbandry has been much exaggera¬ 
ted. Ants do not herd the aphids like 
cattle. The aphids form herds of their 
own, sometimes numbering 80 to 
100 individuals, whether or not ants 
are present. Usually when an ant is 
observed carrying an aphid off in 
its jaws, the ant is not taking the 
aphid to greener pastures but bring¬ 
ing it back to the nest to be used for 
meat rather than sugar. 

The means by which ants obtain 
hofleydew from their aphids was 
first fully described by an English 
scientist, Pierre Huber in 1810. 
Symbiotic homopterans ease out the 
dorplets of honeydew when solicited 
by ants, rather than ejecting them at 
a distance. Individuals of black bean 


aphid show the following typical 
specialized responses in the presence 
of ants. Their abdomen is raised sligh¬ 
tly, the hind legs are kept down in¬ 
stead of being lifted and waved as 
in unattended aphids, and the honey¬ 
dew droplet is emitted slowly and 
held on the tip of the abdomen while 
it is being consumed by the ant 
(Fig. 4). If a droplet is not accepted, 
the aphid will often withdraw it 
back into the abdomen. The extreme 
myrmecophilous aphids (aphids in 
close association with ants) have 
acquired a circlet of stiff hairs around 
the anus, called trophobiotic organ, 
that serves to hold the honeydew 
droplet while it is being eaten by the 
ant. 

The way by which the ants get 
honeydew from aphids is wellknown 
now. Ants collect honeydew by tou¬ 
ching the hind end of the aphid re¬ 
peatedly with their antennae until 
a droplet appears. This time the aphid 
does not throw it away but holds it 
on the tip of its abdomen. The ant 
sucks it up at once and goes to ano¬ 
ther aphid for more. When there are 
no ants, the aphid gets rid of the 
honeydew drop by kicking it away or 
ty throwing it away with the cauda— 
an elongated point at the tip of its 
abdomen. Some scale-insects which 
have short legs and no cauda can 
squirt honeydew to about 5 mm 
from their rectum. Aphids, which 
are attended by ants, produce smal¬ 
ler droplets more often and usually 
only when an ant touches them. 

It has been shown that the solict- 


tation can double or treble the nor¬ 
mal rafie of uptake of phloem sap and 
hence the rate of excretion of honey¬ 
dew by aphids. This may or may not 
increase the rate at which amino 
acids are asumilated by die aphids, 
it seems certain that when attended 
by ants they assimilate a small pro¬ 
portion of the amino acids and less 
sugar during rapid flow of sap 
through Uieir gut. 
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SOLAR ECLIPSE {Continued from page 8) 


as they arc iion-metallic filters and 
do not effectively cut off ultraviolet 
rays. Nofilters are, however, required 
during totality. 

For seeing a projected image of 
of the sun during partial eclipse one 
can try a few Simple arrangements 
as follows: 

Take an aluminium foil or a 
piece of card-board with a pinholeof 


1 mm diameter and allow the sunrays 
to fall on a white surface kept at a 
distance of 1 metre from it under 
shade. A faily clear image of the sun 
is formed on the white surface. A 
better arrangement, however, is to 
cover a plane mirror with a piece of 
paper having a circular hole of 
diameter 1 to 2 cm. The sunlight 
reflected from this arrangment may 


be thrown on to a shaded wall in¬ 
doors to give an image of the partially 
eclipsed sun Reduction in the dia¬ 
meter of the hole in the paper will 
increase the sharpness of the image 
but its brightness will be less. 

{Source : Positional Astronomy 
Centre, India Meteorological Depart¬ 
ment P-546, Block ‘N’ (1st Floor), 
New Alipore, Calcutta-700053) 
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Telecommunications experiment 
through Symphonie 


OlGHT from the early ages efforts 
have been made to bridge the 
communication gap. First came 
telephone^ then radio and now are 
available satellites for telecommu¬ 
nication. With the advances made in 
the electronics and the associated 
technology, transmission of greater 
volume of traffic covering longer 
distances through satellite is now 
possible. The adoption of multiple 
access techniques has still further 
increased the role of satellites in 
communication. Using this tech¬ 
nique different ground stations can 
have access to any satellite channel 
or channels simultaneously. The re¬ 
sult is that any satellite channel can 
be had for the asking. 

By virtue of their vast resources 
and the available know-how, the 
advanced countries have immensely 
benefited from this modern commu- 
nicathMi nedhim. Only a fraction of 
the benefits came in the share of less 
developed nations which cookt not 
such a system exclusively for 
domestic apfdications. Under such 
constraints, the less developed na- 
tonsKke India made use of the terres¬ 
trial communication network for 
w»c«tinf domestic needs. 


With the increase in the overseas 
telephone traffic a need was felt in 
India to make use of those statellites 
of International Telecommunica¬ 
tion Satellite Conosortiuro(INTEL- 
SAT) which are stationed in the 
synchronous orbit over the Indian 
Ocean. A hybrid system of commu¬ 
nication—consisting of both terres¬ 
trial network and links via satellite— 
was considered by the Indian space 
scientists and engineers to be the most 
optimum and economically suitable 
for India. In this way the terrestrial 
telephone and other circuits available 
in the country could be fully utilised 


by providing necessary intcr-connec- 
ting equipment and accessories which 
can match the terrestrial system cir¬ 
cuits with the system circuits used 
in satellite links. Indian experts also 
felt that for indigenous development 
of hardware needed in linking the 
domestic circuits with a satellite, 
a detailed know-how of the techno¬ 
logy involved in design, fabrication 
and production of the electronic 
and other associated equipment to 
be used with satellite was essential. 

To gain know-how and establish 
such a hybrid system of satellite- 
oriented telecommunication net¬ 
work in the country, the Indian Space 
Research Organisation (ISRO), the 
Overseas Communication Service 
(OCS), the Post and Telegraph (P 
& T) Department and the Doordar- 
shan have made coordinated efforts 
in the last few years. Various projects 
such as the installation (in 1971). 
operation and maintenance of Vikram 
Satellite Earth Station (VSES) at 
Arvi; the design and fabrication 
of the Aryabhata satellite and its 
launching from the Soviet cosmo¬ 
drome in 1975 and the Satellite 
Instructional Televsion Experiments 
(SITE) in 1975-76 (S.R., August 1975) 
were undertaken. The second earth 
station for satellite communication, 
the Ahmed Earth Station at Dehra 
Dun, was also commissioned in 1977. 

Besides, the Franco-Cennan 
“Symphonic” satellite was used for 
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Fig. 2. Ddhi euHi station with studio facility 


conducting various telecommunica¬ 
tion experiments for two years be¬ 
ginning from June 1977. The pro¬ 
ject was called “Satellite Telecommu¬ 
nication Experiments Project (STEP). 
It was a joint venture of Space Ap¬ 
plications Centre of ISRO, Tele¬ 
communication Research Centre of 
P and T and Doordarshan. The 
Indian Telephone Industries (ITI) 
developed the necessary hardware 
required for conducting the experi¬ 
ments. The primary objectives of 
the STEP were to gain experience 
in the design> development, installa¬ 
tion, operation and maintenance of 


the ground equipment required for 
satellite communication. 

During the project three main 
satellite communication earth sta¬ 
tions at Ahmedabad, Delhi and 
Madras were used. Besides, two 
mobile terminals, which could esta¬ 
blish links via‘^Symphonic” satellite, 
were also put into operation. One of 
the terminal, ‘Transportable Remote 
Area Communication Terminal’ 
(TRACT), was built on a large truck 
chassis with a collapsible antenna 
structure. This terminal was dep¬ 
loyed at several places in the country 
like Amreli in Gujarat for linking 



Fig, 3. General rlew of Experimental Satellite Conummlcadon Earth Station (ESCES), 
AhmedalNid 


telephone circuits «nd telecast TV 
programmes; Ajmer and Gangtok 
for telecast of special programmes. 
The most important application of 
this terminal was the live telecast of 
the Indo-Pak cricket test matches 
held in 1978 at Faisalabad, Lahore 
and Karachi. The terminal was also 
used for connecting telephone circuits 
of a small place with the trunk auto¬ 
matic network existing in a city. A 
person from a remote village with tel¬ 
ephone facility was thus able to talk 
directly to a person in a city without 
any delay.This was achieved by the 
use of special digital techniques for 
processing of signals via satellite. 
In these techniques signals are re¬ 
presented by sequences of numbers or 
symbols. 

A smaller version of TRACT, 
known as ‘Emergency Communica¬ 
tion Terminal’ (ECT), was used for 
providing emergency communica¬ 
tions in such areas where other com¬ 
munication network had failed due to 
some natural calamities. This ter¬ 
minal was deployed in Vijayawada in 
November, 1977 for giving informa¬ 
tion via the satellite to Delhi about 
devastation caused by the cyclone. 
It enabled All India Radio to broad¬ 
cast spot-news over its network. A 
‘Seminar via Satellite’, in which many 
communication engineers and scien¬ 
tists participated, was also con¬ 
ducted. 

With the successful completion of 
STEP, India has crossed yet another 
milestone in its journey towards the 
launching of indigenous communi¬ 
cation satellites under the Indian 
National Satellite (INSAT) pro¬ 
gramme. The experience so far gained 
in the above project will be instru¬ 
mental in indigenous development of 
hardware for ground system. It is 
envisaged that these major projects 
will form the foundation and enable 
India to harness the vast potential 
of space technology for the benefit 
of. its millions in the foreseeable 
future. 


P. I. Baehshi 
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SHANTl SWARUP HHATNAGAR PRIZE FOR 
SCIENCE AND TECHNOLOGY 
FOR THE YEAR 1980 


Nominations are invited for the award of Shanti Swamp Bhatnagar prizes for 1980. The Shanti Swamp 
Bhatnagar Prize is the highest and most coveted award amongst the Scientists and Technologists in India. This 
award was instituted in 1957 by the Council of Scientific & Industrial Research in the mcmoiy of itsfirst Director 
and Architect, late Dr. Shanti Swamp Bhatnagar and is made each year for outstanding contributions in Science 
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Five or more Prizes, each of value of Rs. 20,000/- may be awarded annually for notable and outstanding re¬ 
search, applied or fundamental, in the following disciplines; 

1. Physical Sciences; 2. Chemical Sciences; 3. Biological Sciences; 4. Mathematical Sciences; 5. Engineering 
Sciences; 6, Medical Sciences; and 7. Other Sciences. 

To decide about the Prizes, the Council invites and accepts nominations each year from the Presidents of 
approved Scientific Societies of all-India character, Vice-Chancellors of universities. Deans of Science, Engineering 
& Technology, and Medical Faculties, Directors of IITs, Deans of Faculties and heads of Institutions deemed to 
be of University status, Director-General of major R & D Organisations, such as DRDO, ICAR, ICMR, Chair¬ 
men of AEG, UGC, Space Commission, ONGC, etc., Directors of CSIR Laboratories and BARC, TIER, etc., 
and the Bhatnagar Prize Awardees. University Faculties should recommend persons working in their institutions 
only and route it through their respective Vice-Chancellors while the Faculties in IITs should send their nomina¬ 
tions through their Directors. The Directors of CSIR laboratories can nominate a candidate in the discipline of 
their interest, irrespective of whether they are working in CSIR laboratories or outside. Each Bhatnagar Prize 
Awardee can send nomination of one person for cach-ycar^s award in his own discipline only. Each such nomina¬ 
tion shall give detailed statement of work and attainments of the nominee, and a critical assessment report (not 
more than 500 words) bringing out the importance of the significant research and development contributions of the 
nominee made during 5 years preceding the year of the Prize. Nominations from individuals sponsoring their own 
names or of others arc not accepted. 

The nominations may be sent by Registered A.D. Post along with 10 copies of detailed statements of work and 
attainments of each nominee and the discipline under which the nominee is to be considered. The attainments 
of the nominee during the past 5 years may be highlighted, and sent along with at least one set of reprints of papers 
published during the 5 year period. The nominations signed by the sponsors should be sent marked 'Confidentiar 
to the Head, Extra-mural Research, CSIR, Rafi Marg, New Dclhi-110001 and should reach CSIR, latest by 
31 March 1980. 

The regulations governing the Prize and the proforma for nomination may be obtained from Head, Extra¬ 
mural Research, CSIR, Rafi Marg, New Dclhi-llOOOl. 
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Autographs of molecules 


pADIOAUTOGRAPHY, also 
known as autoradiography, is 
a most fascinating technique for in¬ 
vestigating the mysterious behaviour 
of various living and non-living cons¬ 
tituents within the cell and in its 
organelles. As the term suggests, in 
this technique molecules leave their 
“autographs’* or “signatures” from 
wherever they pass in the form of 
black dots formed due to the reduc¬ 
tion of silver grains by ionizing radia¬ 
tions emitted by radiolabelled mole¬ 
cules. 

An ordinary molecule is radiola¬ 
belled by incorporating radioactive 
isotope of one of the constituent 
atoms of a molecule. Those atoms 
which differ in number of neutrons 
from ordinary atoms and have a 
nucleus which disintegrates conti¬ 
nuously, emitting ionizing' radia¬ 
tions (alpha, beta, gamma rays, etc.) 
are known as radioactive isotopes. 
Radioactive isotopes aie produced 
by bombarding ordinary matter with 
high energy particles in accelerators 
or with neutrons in reactors or as a 
result of nuclear fission. Radioactive 
isotopes were first introduced as an 
investigative tool in biological re¬ 
search by the Hungarian chemist 
G. H. Heves in 1923, who studied 
circulation of lead in plants by using 
radioactive lead. But the scope of 
these studies were limited at that 
time due to the non-availability of 
radioactive isotopes suitable for in¬ 
corporation into living systems, be¬ 
cause the only radioactive substances 
known then were Uranium and Tho¬ 
rium occurring in nature, and these 
are not natural constituents of ani¬ 
mal or plant tissues. A breakthrough 
came in 1938 when the fissioning pro¬ 
cess of Uranium was discovered with 
the subsequent development of nu¬ 


clear reactors in which very large 
amount of artificial radioactivity can 
be produced. But the greatest impe 
tus came through the discovery of 
Tritium (H®), the radioactive isotope 
of hydrogen, by the American scien¬ 
tist P. J. Fitzgerald in 1950. Since 
then tritium has been used extensively 
by biologists in solving various 
physiological puzzles in living sys¬ 
tems, because hydrogen is a normal 
constituent of all living organisms. 

The basic principle of auto- 
radiograpy is similar to that of photo¬ 
graphy. But, here the role of light 
is played by ic lizing radiations 
such as alpha, beta and gamma 
rays, which are continuously emitted 
from radiolabelled atom. The radio- 
autography emulsion contains cry¬ 


stals of silver bromide which arc 
ioni/ed due to these radiations. Then 
the action of developer reduces 
silver bromide to silver, forming 
black dots whichare visible under the 
microscope (Fig. 1). These arc the 
dots which indicate the presence 
or absence of radiolabelled atom 
in cells or its organelles and the 
analysis of their temporal and spa¬ 
tial relations yield all the necessary 
information for scientists. 

The organ or tissue which is to 
be investigated is provided with 
such a molecule which it readily 
takes up and one atom of this arti¬ 
ficially introduced molecule is radio- 
labelled. The radiolabelled compound 
is then injected in the experimental 
animal. After the necessary time 
interval, which depends upon the 
type of investigation, the animal is 
sacrificed and the desired tissue is 
removed. This tissue or organ is 
then hardened by putting it in a fix¬ 
ative for a fixed time, which 
varies according to the nature of 
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Fig. 1 . Diagramnuitic repreMOtation of an eledron microiicope autoradiograph prepa 

tion. Formation of a latent fannge on surface (black spot on oppei left region of 
crystal)dnrlng exposure {iop)\ Dcvelopmcht of the exposed crystal into n fila¬ 
ment 01 iilifer after proceering {boftom) 
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TIME AFTER THE INJECTIOM OF TRITIUM LABELED GLUCOSE 
rig. 2. OiftgrMDmatlc ri-prri^entatioii of the resotts obtalacd by conbined radioaiNo* 


of silver atoms under the micro¬ 
scope; but to locate their exact 
postion in cells, the slide is stained 
by a suitable histological stain to 
make clear the outline of the cell 
and its organelles. 

Before the discovery of radio^ 
autography, like many other sub- 
cellular processes, the secretory pro- 
cess of mucus globules in the intes¬ 
tine was not clearly known. It was 
known that proteins manufactured 
by the ribosomes pass through the 
golgi app>aratus and then come out 
in the form of glycoproteins (carbo¬ 
hydrate combined with protein) pack¬ 
aged in globules. So, to confirm the 
role of the golgi body in the carbo¬ 
hydrate-protein synthesis process^ 
glucose labelled with tritium was 


grapbic elcctraiMiicroscopy slmlics of tbe goblet cclb of the bitcstiiie showtag the 
stages in the synllie»is of macus globules after iii|eetloa of tr i t ki m labelled gluroike 


tissue and the investigation to be 
carried out. Paraffin blocks of the 
tissue are then cut with a machine 
called microtome so as to get 
very thin sections (I 1 I /1000 
mm) which are then processed further 
as for ordinary histological prepa¬ 
rations. Slides containing the label¬ 
led tissue sections arc dipped in a 
special radioautographic photo¬ 
sensitive emulsion contained in a 
specially designed slot-shaped flask. 
Then the slide is dried, put in a light- 
tight-box and kept in the refrige¬ 
rator for exposure. Unlike the 
exposure time necessary in ordinary 
photography, here the exposure time 
varies from days to weeks or months 
This is because the mtnuie quanta of 
ionizing radiations within the tissue 
sections take a long time to blacken 
the infinitesimal silver grains in the 
emulsion. After exposure the slide is 
put in a developer and developed like 
an ordinary photographic plate. One 
can now easily see the dark dots 
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Fig. 5. Diagram of tke secretory process in the pancreatic aciniHs showing the different 
stages; l-ribosomai stage; 2-endoplasmic reticulum stage; 3-3' Golgi consplex 
stage; 4-Zymogen stage; 4*-release of zymogen into the lumen (intrmlumiiial 
stage) 


injected into young rats followed b> 
radioautography of globlet cells of 
the large intestine. 

Just after I 5 minutes of injection 
all the radioactive dots were found in 
the golgi apparatus which indicated 
beyond any doubt that carbo¬ 
hydrate is stored in it immediately 
after incorporation. After 20 
minutes, mucus globules containing 
radioactive glucoproteins begin to 
appear and after 40 minutes almost 
all the radioactive carbohydrate is 
found to have been removed from 
the golgi complex by the mucus 
globules (Figs. 2 and 4). It con¬ 
firmed that protein and carbohydrate 
association takes place in the golgi 
apparatus (Fig. 3). 

Radioautography has also 
solved many important and funda¬ 
mental problems in genetics, for 
example, the ‘duplication of chro¬ 
mosomes’. When a cell is rcac^ to 
divide mitotically, each chromosome 
appears as a pair of threads called 
chromatids. During division chro¬ 
matids separate and each member 
passes to the daughter cells so as to 
carry the original type and number of 
chromosomes. When this daughter 
cell is ready for division once again, 
each chromatid again appears with a 
partner. The puzzle was, whether 
this new chromatid is produced by 
the previous chromatid by acting as 
a templau. or by breaking down into 
’‘mailer pieces which grew and re- 



Fig. 4. .^tttorMiognipliof intesHneof a moose 
iojecicd with tritlatcd ChymidiRe; 
{Left) an ho al killed eight boors after 
foleclioo, {R^t) 36 boors gftor 
^MectloR (To, tagged oociei, V, villus) 


assembled, forming a pair of chro¬ 
matids. To solve this problem, cells 
were cultured in tritium labelled 
thymidine (a component of DNA), 
and were treated with colchicine (a 
cell division inhibiting drug, which 
does not interfere with chromosome 
duplication) so that newly synthe¬ 
sized chromosomes can be identified 
easily. It was found that after 
the first duplication the radioactivity 
was distributed in all the chromo¬ 
somes equally, which suggested that 
chromatids first broke down and 
then grew, forming new ones. But, 
when after the first duplication of 
chromosomes, cells were put in a 
non-radiolabelled thymidine cul¬ 


ture, the radioactivity was found 
on only one partner of the second 
generation of chromosomes, which 
settled once and for all the fact that 
duplication of chromosomes takes 
place by the ‘template* method. 

Not only through light micro¬ 
scopy, but certain problems have 
also been solved by combining radio¬ 
autographs with electron microscopy; 
for example, the secretory process 
of zymogen granules iik the pancreas. 
In fhis case tritium labelled “leucine” 
was injected into experimental ani¬ 
mals. After a few minutes the radio¬ 
isotope was detected in the endo¬ 
plasmic reticulum of the basal region 
of the pancreatic acinar cells, latei 
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fields of 20ih century research that 
have transformed the study of bio¬ 
logy, biochemistry and the microscopic 
investigation of the anatomy of the 
cells. If the rule of hybrid vigour 
holds, radioaufography should be- 


Polymer supported peptide 
synthesis 


on the radioactive particles passed 
into the golgi complex, where they 
concentrated in the form of prozy- 
mogen grains. Finally the radio¬ 
activity was located in the zymogen 
granules, discharged in the lumen 
of the exocrine pancreas (Fig. 5). 
Its time sequence has also been 
worked out, and it has been found 
that in the endoplasmic reticulum it 
takes 4.7 minutes, in the proximal 
region of the golgi complex 11.7 
minutes, and in the distal region of 
the golgi complex 36.0 minutes. 
Thus in the synthesis of zymogen 
granules the total time taken is 
52.4 minutes. 

Radioautography has made 
innumerable contributions to me¬ 
dicine, biology and agricultural sci¬ 
ences, and even an enumeration of 
all such contributions shall be too 
voluminous for this article. This is 
the technique by which the percent¬ 
age of dividing cells in human 
beings was determined accurately 
and successfully. The data, that 
only 3% of the cells of our body 
are capable of dividing is of great 
significance in tissue repair studies. 
Death rate of cells was also cal¬ 
culated by radioautography. A 
number of medically important stu¬ 
dies were made on pathogenic 
species of protozoa and bacteria. 
Physiologically important red and 
white blood cells have been studied 
in detail and their life span, rate of 
migration into the blood stream 
and rate of replacement in the body 
were also calculated. Radioauto¬ 
graphy has given us important clues 
regarding the origin and behaviour 
of malignant cells of cancer. 

Radioautography is one of the 
best examples of the peaceful uses 
of nuclear energy. Its future pros¬ 
pects appear very bright indeed, as 
the following statement by two 
renowned scientists R. Baserga and 
W.E. Kisieleski reveal “we can think 
of it as a hybrid offspring of two 
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problem involved in pep- 
■■ tide synthesis are of much im¬ 
portance and have received consi¬ 
derable attention. The major diffi¬ 
culty in putting together a chain 
of say 100 amino acids in a parti¬ 
cular sequence is one of overall yield. 
At least 100 separate synthetic yield 
would be required and if the steps 
in each step were equal to n x 100% 
the overall yield is (n^®®xI00%) 
If the yield in each step were 90%, 
the overall yield would be 0.003%. 
A practical laboratory synthesis of a 
peptide of modest size should be 
carried out very efficiently. 

Polymer supported peptide syn¬ 
thesis is a classical synthetic route 
which offers improved yields by 
minimizing manipulative losses that 
normally attend each step of a multi¬ 
stage synthesis. The key innova¬ 
tion is to anchor the C-terminal 
amino acid to an insoluble product 
and then add amino acid units by the 
methods used for solution synthesis. 
After the desired sequence of amino 
acids has been achieved, the peptide 
can be cleaved Trom the support and 
recovered from the solution. 

One that is widely used is a cross- 
linked polystyrene resin of the type 
employed in ion-exchange chromato* 
graphy. The resin should have loose 
structure to absorb organic solvents 
which can penetrate into the space 
between the chains. The resin is 

4P 


come a very lively child indeed. 

A. K. Maitv 

JaGO££P SaX£NA 
^ Zoology Deptt, 
Allahabad University 
Allahabad-2nm 


chloromcthylated using Friedcl- 
Crafts reaction and the —CHgCl 
groups substitute in the 4-position of 
the phenyl group in the chain 

(Fig. I). 

At the start of the peptide synthe¬ 
sis the C-terminal amino acid is 
bonded through its carboxyl group 
to the resin by a nucleophilic attack 
of the carboxylate ion on the chloro- 
methyl group. Next, the amine pro¬ 
tecting group is removed and the 
next amino acid is coupled. The 
peptide bond forming steps are re¬ 
peated as many times as needed 
to build up the desired ‘sequence. 
Finally the peptide chain is re- 



Fig. 1. CMMMHhytaM cfwi ValktA poly* 
stynao 
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Fig. 2. Cleavage of peptide from the resin and loss of protecting groups 


moved from the resin, usually with 
HBr or anhydrous HF (Fig- 2). 

The advantage of having the pep 
tide anchored to a solid support is 
that laborious purification steps are 
virtually eliminated. The method 
lends itself beautifully to automatic 
controUand machines suitably pro¬ 
grammed to add reagents and wash 
the product at approximate times 
have been developed. At present^the 
chain can be extended by about six 
amino acid units a day. So, what 


normally takes 3 to 4 years to syn¬ 
thesise a peptide of particular se¬ 
quence can be done in three months 
in good yield. 

In U.S.A., a ‘do-it-yourself’ peptuK 
kit containing lOOgm of chlorometh 
lated polystyrene and lOgm each oi 
various protected amino acids k 
available to high school students lo 
prepare a polypeptide of their de¬ 
sired sequence. 

P. R Srinivasas 
Madras 


Is chlorophyll-a a crystal? 


^HE existence of all living orga- 
^ nisms is based primarily upon 
the ability of the green-photosyn- 
thesizing plant to utilize the energy 
of light to produce carbohydrate, 
an organic material. In the 4th cen¬ 
tury B.C., Aristotle mentioned that 
there was a relationship between 
sunlight and the development of 
green colour in plants. This is the 
first mention of the possibility that 
light may bp a factor in plant growth. 
Ingetl41ousz recognized the impor¬ 
tance of It^t and chlorophyll in 
photosynthesis/ In the process of 


photosynthesis^the energy of sunlight 
is converted into and stored as 
chemical energy locked in the 
bonds of organic compounds through 
photochemical - electron transfer 
process. Modern literature suggests 
that the chain of chemical reactions 
in a photosynthetic cycle is triggered 
off by some specially deployed 
chlorophyll-a molecules through 
transfer of optical energy into elec¬ 
trochemical form. 

Today the whole world is 
suffering from energy crisis. 
The greatest energy source is 


the sun, which pours onto the earth 
100,000 times as much energy as the 
world’s present electric power capa¬ 
city. To convert this abundantly 
available solar radiation into electri¬ 
city we require a cheap solar cell. 
In solar cell photovoltage is generated 
as a result of the absorption of light 
in the vicinity of a potential barrier, 
caused by the contact between a 
metal and a semiconductor. For the 
efficient conversion of solar energy, 
theoretically, the semiconductor ma¬ 
terial should have a band gap, which 
IS small enough to utilize most of the 
incident sun’s spectra, but at the 
same time, large enough to minimise 
the magnitude of the reverse current. 
Studies of Terenin (1959), 
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Fig. 2 


G.A. Corker (1978) and a group 
of Japanese workers (1977) have 
strongly suggested that chlorophyll- 
a layers have insulating properties, 
indicating that it has a large band 
gap. Since cholorophyll-a, during 
photosynthesis, converts solar ra¬ 
diation into electrochemical energy, 
it cannot be just an ordinary insu> 
lator. It must be having some allowed 
states within its large band gap, so 
that it can behave as a semiconduc¬ 
tor. A review of relevant literature 
shows that chlorophyll-a has 
crystalline properties with some in¬ 
herent defects and, further, that 
chlorophyll-a has a large number of 
allowed states within its large band 
gap. These allowed states might help 
in effective utilisation and conversion 
of a significant part of the incident 
sun*s spectra, if chlorophyll-a is 
used as a semiconductor in a metal- 
semiconductor heterojunctor solar 
cell. So our first aim is to prove 
that chlorophyll a is a crystal. 

The structure of chlorophyll-a 
molecule contains two main portions 
(Fig. I), a porphyrenc ring, which is 
hydrophilic and a phytol chain, 
which is hydrophobic in character. 
Because of their diH'erences towards 
affinity to water, they are arranged 
layerwise or in lamellar form inside a 
leaf, as shown in Fig ^ 

W. Arnold, while explaining the 
delayed fluorescence phenomenon in 
photosynthesis, considered chloro¬ 
phyll-a as pseudocrystalline, in which 
electrons liberated by light absorp- 
tiem can get stuck in traps or irre¬ 


gularities of the lattice of the pseudo¬ 
crystal, surrounded by closely packed 
pigment molecules, to be released at 
some later time. 

Substances that behave mecha¬ 
nically as liquids, yet exhibit many 
of the optical properties of crystals 
are know as liquid crystals. There 
is one important group of liquid 
crystals which are formed by the in¬ 
fluence of solvents. These arc 
known as lyotropic liquid crystals. 
The nature of molecular packing in 
lyotropic liquid crystals gives rise 
to a hydrophilic polar group, attached 
to a long hydrophobic hydrocarbon 
chain. One common example of such 
a crystal is soap water solution. 
As the water content is increased 
gradually, we get the neat or lamellar, 
viscous, isotropic and middle phases, 
respectively. In the neat or lamellar 
phase, the hydrophilic groups are 
arranged in layers with their heads 
arranged on flat surfaces and water is 
sand witched between the flat sur¬ 
faces. The hydrocarbon chain has 
a more or less disordered configu- 


E VERY organism, whether plant 
or animal, in its ceH(s) carries 
a fixed number of chromosomes and 
this remains constant from genera-* 


ration. Thus a lyotropic liquid crys¬ 
tal, in its lamellar or neat phase, 
exactly resembles the structure of 
chlorophyll-a molecules present 
inside a plant leaf. Like other liquid 
crystals chlorophyll-a in solution 
has been found to exhibit optical 
rotation. 

The position of the absorption 
peak of a liquid crystal depends 
very much upon its chemical environ¬ 
ment, mechanical stress exerted on it, 
its temperature, etc. The addition of 
extremely small amounts of certain 
chemical vapours can change the 
basic molecular structure of the 
liquid crystals and, thereby, affect 
their reflecting properties. It was 
found by E.E, Jacob, that the wave¬ 
length of the absorption peak of 
chlorophyll-a monolayer depends 
on the substrate on which it 
is placed The red absorption 
peak of chlorophyll-a monohiycr 
shifts from 670 /u to 735 fi due to 
the presence of in water on 

which the monolayer is formed. 
Jacob further found that the red 
absorption peak of the colloidal sus¬ 
pensions of ethyl chlorophyllide shifts 
by an order of 80 ft towards longer 
wavelength. 

To conclude, we say that 
chlorophyll-a is a lyotropic liquid 
crystal in its lamellar or neat phase. 

Paramita Sen 
Minkxi Pujari 
Ravenshaw College 
Ciinack-763003 


tion to generation. Thus, man has 
46, maize 2<^, mouse 40, onion I6- 
In most of the higher organisms 
(that are diploid) the chromosomes 


Is chromosome number a stable 
and constant character ? 
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are in pairs» one set being contributed 
by a female parent (mother) and 
another set by a male parent (father) 
at the time of fertilization. Subse¬ 
quent changes in the chromosome 
number in the various tissues and 
organs of an individual during 
growth, maturation and senescence 
arc not uncommon. However, 
through germ lines a constant chro¬ 
mosome number is maintained in 
any population and is thus a charac¬ 
teristic feature. Variation in the 
chromosome number of individuals 
in a population is not infrequent 
and is caused mainly due to aneuso- 
maty (a few chromosomes more or 
less than the diploid set, t.e., 2 n + l, 
2n+2 or 2 n—l, 2 n— 2 , etc.) and poly¬ 
ploidy (exact multiples of a set, 2 n, 
3n, 4n, etc.) Hybridity, apomixis and 
the presence of B-chromosomes 
(accessory or ‘second rate' chromo¬ 
somes) may also lead to a change in 
the chromosome number, though 
rarely. These variants in a species 
population are described ascytotypes. 
Barring the situations mentioned 
above, chromosome number is a 
fairly constant character and is used 
in taxonomy (science of classifica¬ 
tion) by botanist and zoologists, 
alike. 

Walter H. Lewis (Department of 
Biology., Washington University, 
U.S.A.) and his associates, R. L. 
Oliver and Y. Suda, report an 
extreme instability of chromosome 
number in Claytonia virginica^ a 
plant belonging to the family Portukt- 
caceae {American Journal of Botany^ 
4f: 918-928, 1962 ; Botanical Review^ 
33 :105-1 15,1967; Annals of Missouri 
Botanical Garden^ 54 : 153-171, 1967: 
and Taxon, 19: 180-182, 1970). C. 
virginica has two morphological races 
and about fifty chromosomal cyten 
types 1 

Walter Lewis atid his team stu¬ 
died a population of C. virginica 
growing near Carriage in Texas, 
an area of about 20 square 
meters with a gradual rise of about 
two meters near about the middle. 


Plants of C. virginica are perennial 
having an underground corm that 
produces one to several flowering 
shoots over a period. Plants grow 
largely during warm periods. Plants 
at the top of the knoll flower first 
(late February) and flowering gra¬ 
dually continues down the slopes 
completing by March or early April 
every year. Chromosome numbers 
of these plants were studied 
through meiosis over a period of 
four years; 1961, 1967, 1968, 

and 1969. During 1961, 1968 
and 1969, chromosome number 
in majority of the plants was 2n=28 
or 29 ( 2 n or 2 n-f 1 , diploid chro¬ 
mosomal constitution in any orga¬ 
nism is expressed as 2 n, meaning 
two sets). In 1967, there was a tre¬ 
mendous chromosomal drift, with 
over two-thirds of the plants show¬ 
ing less than 2n==28 of which 42% 
had only 2n ■= 24. That year, the 
plants during their six months of 
critical growth period faced a major 
climatic variation viz., the average 
rainfall was less than one-half of the 
usual precipitation (40 cm in¬ 
stead of 80cm-l00 cm). Drought 
conditions, in other words, drama¬ 
tically affected the chromosome 
number! 

In 1969, three samples from 
this population were studied and it 
was found that plants with 2 n<cr 28 
or 29 decreased from 58% to only 
36%, while plants with number 
above 2n«=29 increased from 31.5% 
to 56 % . It was noted that 
early maturing plants at the 
top of the mound were mostly 
2n<s28 or 29 (the common num¬ 
ber for the population) but 
the chromosome number increased 
as the season and flowering pro¬ 
gressed down the slopes. Chromo¬ 
some number, in other words, in¬ 
creased as one moved down the 
knoll! Among the samples showing 
more than 29 chfwmosomes, earliest 
flowering fdantson the slope showed 
IwmM, to 36, while the latest 


flowering plants nearer the base 
showed 2ne=30 to 58. Seasonal age¬ 
ing thus manifested greater varia¬ 
tion in chromosome number. The 
1969 population also showed in¬ 
creased meiotic abnormalities (mostly 
formation of univalents) from 6 % 
at the beginning of flowering season 
to 26 % late in the season. 

Fascinated by this extreme in¬ 
stability in the chromosome number, 
Walter Lewis and his team moved 
some of these plants to green htjuse 
for further study only to record 
still more exciting anomalies in 
chromosome number. Parts of the 
same plant above and below the 
ground showed different chromo¬ 
some number! Among thirteen plants 
analysed by them in this way, five 
had the same chromosomal number 
in the tissues below and above 
ground, viz., 2n=14, 27, 28 (two 
plants) and 35. The remaining eight 
had 2 n =28 in the roots uniformly 
but the aerial partscontained2n»29 
(two plants), r.n®=30 (tvso plants), 
2n = 3l (three plants), while the 
eighth plant was a mixture; two 
racemes showed two numbers, 2 n= 
31 and 33. This phenomenal dispa¬ 
rity in the chromosomal number 
between root and shoot tissues of 
the same plant, according to Walter 
Lewis, is due to the diiect or indirect 
effect of environmental factors, per¬ 
haps temperature. Underground 
parts show less variability because 
they arc protected by earth. 

Thus, chromosome number in C. 
virginica saries—(I) in the aerial 
organs and the roots of the same 
plant, ( 2 ) certain chromosome 
number is seen at one topography, 
yet others at another topography, 
(3) low chromosome number in 
individuals flowering during early 
part of the season and more in 
those that flower late, and (4) marked 
variation in the chromosomal 
number from one season to another. 
Having expressed such a tremendous 
instability of chromosome number, 
Walter Lewis is of the opinion that a 
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thorough screening of species popu¬ 
lation is essential before the charac¬ 
teristic chromosome number of a 
taxon is clear, and he does not 
support the dogma, ‘one chromosome 
number-one taxon/ 

The chromosome complexity 
outlined in C. virginica is unique 
and challenges the intellectual curio¬ 
sity of scientists. Students of cyto¬ 
logy usually avoid repetitive studies 
on chromosome number and beha¬ 
viour, do not screen large number 
of plants, hesitate to analyse species 
populations and through various sea¬ 
sons (especially abnormal seasons), 
and more so do not consider popula¬ 
tions growing under varied climates 
and ecological habitats. One is bound 
to record at least some degree of 
chromosomal variation tf all these 
concepts are introduced under cyto- 


logical studies of any group, plant 
or animal. 

Ben W. Smith (Department of 
Genetics, North Carolina State Uni¬ 
versity, U.S.A.) while commenting 
on the extremechromosome-number- 
flcxibiliiy in C. virginica, stresses on 
further study necessary on this 
group explaining the how and why 
of this chromosomal plasticity. 
^"Claytonia material is extremely in¬ 
teresting,” he adds, “but its ex¬ 
treme chromosomal instability need 
not undermine our confidence in the 
validity of the more frequently ob¬ 
served chromosome relationships.” 

A. B. Saprh 
^ Reader 

Department of Botany 
Marath wada Uni ve rsity 
A urangabad- ^31004 


eroded stump, part of the tree js 
still alive. The growing tissue lead¬ 
ing from partly bare roots to its 
thin crown is protected by a narrow 
strip of bark. An even older Bristlc- 
conc pine, growing in Nevada, 
was cut down in 1964. At that 
time it was at least 4900 years 
old. In addition, dead Bristlecone 
logs and stumps have been found 
that were living over 8000 years 
ago. 

How the age is determined 

How do wc know that the Bristle- 
cones are thousands of years old? 
The answer is quite simple. Every 
year most trees add a growing ring 
of new wood, called annual rings 
CFig. I). By counting these rings, 
the tree’s age can be easily deter¬ 
mined. Under favourable conditions, 
trees grow very rapidly, leaving easily 
recognisable annual rings. But Bris¬ 
tlecone pines grow in arid, hostile 
cnvironnicnts where growth is gene¬ 
rally slow. In fact, these plants may 
grow so slowly that the annual rings 
may be only a few thousandths of a 


World’s oldest living tree 


DRISTLECONE pine, Pinus 
^ aristata, near timber line 
in the white mountains of California, 
U.S.A., attains spectacular age. 
Nearly 20 trees of this species are 
known to be older than 4000 years 
and to have been already more than 
100 years old when the Great Pyra¬ 
mid was built in Egypt. 

The current champion in this cate¬ 
gory is a 4600 years old tree called 
“Methuselah”. It is the oldest known 
living thing on this earth. Though 
its trunk is now little more than an 


Fig. 1. Diagrammatic representarion of a 
transverse section of a tree trunk, 
showing annual rings. The light co¬ 
loured broad zones are of early 
(spring) wood and narrow dark 
colmired zones are late (autumn) 
wood. The early and late woods thos 
produced during the single growth 
season constitute a growth or annual 
ring 
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Fig. 2. The oldest living tree of Bristlecone pine, Pinus aristata (Courtesy : Lhing PUnits 
of the IVorld) 


cm thick requiring a microscope to 
be clearly seen. 

Matching trees: cross'dating 

Tree-ring chronologies are not 
limited by the age of the oldest tree. 
By matching the inner tree-ring of an 
old living tree with those in d^ad 
stumps and logs, scientists have built 
up an impressive sequence of Bristle- 
cone tree rings extending over 8200 


years into the past. Dendrochro- 
nologists (scientists who measure time 
by counting growth rings) have found 
that tree ring chronologies ext<'nding 
back hundreds or thousands of years 
arc very useful in historical and 
archaeological studies. For example, 
when an archaeologist finds a wood¬ 
en beam that was used in an ancient 
building, he can often date the 
dwelling by matching the pattern of 
tree-rings in the beam with a den- 
drochronologist for that area. 


Tree-rings also provide a 
valuable source of information about 
localized weather and climaic pat¬ 
terns prior lo man's records. The 
date can be found by counting the 
trees rings and the climate is deter¬ 
mined by studying the size, density 
and other characteristics of those 
rings. Obviously, when the rings are 
too small, wc would expect that 
their growth was limited by some 
climatic factors, most possibly rain¬ 
fall. From studying the annual rings, 
wc can say In which years there was 
drought or when the tree was nou¬ 
rished with abundant water. Years 
of joy and sorrow arc revealed by 
the structure and size of these rings. 
The tree serves as a silent chronicler 
of weather. It serves man both in 
life and death. 


Carbon 14 

What have B-ristleconc pines to 
do will, ^arbon 14? AH living things 
including Bristleconcs contain a small 
amount of radioactive element car¬ 
bon 14. When an organism dies, 
carbon 14 begins to decay at a known 
rate. It has a half-life of 5568-i .10 
years, whic h means that ihd quan¬ 
tity presL in any particular plant 
material is reduced \o half in that 
number of years. At the lime of the 
death of the plant the acquisition of 
the radioactive carbon ceases; thus 
with a given sample of ancient wood 
or other plant materials the amount 
or carbon 14 remaining can be deter¬ 
mined and it’s age calculated. But 
according to some research workers, 
carbon dating in case of Bristle- 
cone pine may not be accurate, be¬ 
cause it dates creatures long before 
6000 years ago. However, the Bristle- 
cone studies have shown that radio¬ 
carbon dating is generally accurate 
over the past 3000 years. 

Outliving even the giant Sequoias 
by nearly 2000 years, the Bristlecone 
pine is proving to be a valuable 
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ruateriai for collecting past infer- fascinating riddles of the past. 

mation. Perhaps it is only fitting that Hoqlih 

Research Officer 

the world’s oldest living thing should Genetics Branch 

also provide the key to so many F.R.L^ Dehra Dun-240068 


The Assam rabbit 


H ares and rabbits are placed 
under the mammalian order 
Lagomorpha. Squirrels^ guinea- 
pigs, rats and beaver rats are grouped 
under the order Rodentia. Formerly, 
hares and rabbits were included under 
rodents as a sub-division, the Dupli- 
cidenta. It is now generally agreed 
that the two groups of animals have 
practically nothing in common ex¬ 
cept superficial resemblance. The 
points of difference between the two 
groups are quite well-marked to be 
missed (Table I ). 


Hares are characterized by long 
hind legs which give them great 
leaping ability and high speed. They 
have long cars. They primarily live 
in the open country. Hares escape 
their enemies by speed and by dod¬ 
ging. 

Rabbits on the other hand, have 
comparatively shorter hind legs, 
shorter ears. They live in wooded, 
bushy or mixed areas. Rabbits es¬ 
cape their enemies by dodging or by 
remaining frozen in concealment. 

Interestingly, although several 

Table i 


sp>ecies of hares are found in .the 
Indian region, there are no true 
rabbits in India. The Assam 
Rabbit or Hispid Hare, Caprolagus 
hispidus (Pearson) is a closely related 
form and hence bears the name of 
both Tabbit’ and ‘hare*. 

The Hispid hare or harsh furred 
hare is extremely rare. It was first 
de.scribed by Pearson in 1939. Al¬ 
though sporadic reports of its occur¬ 
rence in the grass jungles of the 
Terai and the Duars of the Himala¬ 
yan foothills are available, very 
little is known about their habits. 
In 1951, it was reported from Kheri 
on the Uttar Pradesh-Ncpal border 
(Prater, 1965). In 1956, a German 
zoological team collected one in the 
Goalpara Division of Assam. The 
last record was in 1971 when an 
adult male was caught in the 
thatchlands between Rajagarh Forest 
Reserve and the Attareekhat Tea 
Estate, in theMangaldai Sub-division 
of Durrang District, Assam: 

Size —Male: Nose tip to bass of 


Distinguishing character Hares and Rabbits {Lagomorpha) 


Squirrels, Guinea-pig, Rats, Beaver rays {Rodentia) 


Teeth 


Scroium 

Refeclion 


Birth 


Possess two pairs of upper incisor teeth, the second 
pair very small and a single pair of lowers. 

The incisors (especially the lowers) are relatively short, 
and do not form efficient chisels as in rodents, because 
the enamel surrounds the tooth, instead of being 
limited to the anterior face. 

Dental formula: 

J. 2 C. ^ Pm. 2^1 Total : 28 
' 8* 0 2 3 


Lies in front of the penis which has no bone, 

Soft faecal pellets are produced by the caecum which 
IS egested in the early hours of daylight. They are 
eaten by hares and rabbits directly from the anus and 
are swallowed whole. They are retained in the 
stomach for some hours. Hard faecal pellets arc pro¬ 
duced by the colon which are not eaten. Refection 
ensures best use of plant food. 


Posisess one pair of long chisel-like incisors which 
project at the front of the mouth. They bear enamel 
only on the front surface. 

Dental formula: 

Squirrel 1. JL C. 2, Pm. _2 M. j Total : 22 
To 13 

Guinea-pig I X ^ 1. 

10 13 

Rati. 1 C. XPni. X^otal: 16 
T 0 0 3 

Beaver rat {Bydromys): 1. 0^ Pm. X M. 2 ^ Total:12 

10 0 2 

{Mayermys): 1. X. C. iLPm. X M-XTotal; 10 
10 0.2 

Lies behind the penis which has a bone. 

Refection docs not occur. 


A birth well furred and have open eyes; ate born in At birth nearly naked and blind; arc bom in burrows, 
‘"forms” in grass. 
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Fig. 1. Hispid hare of Assam 


tail 46 cm; shoulder height 18 cm; 
tail 13 mm; ear 6 cm. 

Distinctive characters 

The colour of the animal is dark- 
brown and blackish with numerous 
scattered whitish bristle-like hairs. 
The most distinguishing characteris¬ 
tic of the Hispid hare is the small 
size of its ears and tail. 

Distribution and habits 

It is found in grassy or scrub- 
forest areas along the foothills of 


the Himalayas in Uttar Pradesh, 
Bihar, West Bengal and Assam. 

The Hispid hare is reported to 
burrow like rabbits. In captivity, 
it subsists on dub grass, Cynodon 
dactylon. 

In the Wild Life {Protection) 
Acty 1972 the Hispid hare is listed 
under Schedule 1, which gives abso¬ 
lute protection to the animal by 
forbidding its hunting, trapping, pos¬ 
session and sale. 

B. K. Bkhura 

Prof & Heady Zoology Depit, 
Uikal University 
Bhubaneswar-? 51004 


Muscular contraction 


jiJ’USCLES are unique amongbody 
tissues in demonstrating to the 
eye even of the lay person the power 
to convert chemical energy into ki¬ 
netic energy. These are the prime 
movers of the body. They help us in 
movement, grasping^ striking and 
lifting. The voluntary muscles of 
the body attached to the bone are 
known as skeletal muscles. These 
function generally under conscious 
control. The skeletal muscles have 
cross striations or bands and thus 

___ 


are also known as striated muscles. 


Chemical composition 


Chemically the striated 

muscle 

consists of :— 


Water 

.. 75 

Proteins (globulins) 

.. 20 

Carbohydrates 

1 

Fats, enzymes, inorganic 


salts (sodium, potassium. 


magnesium, calcium) 

4 


I«. 
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Water moiecufes constitute the 
medium through which energy trans¬ 
mitting molecules pass. It also serves 
as a liquid medium in which the 
contractile molecules of the myo¬ 
fibrils (muscle fibrils) move. These 
fibrils contain atleast 4 globulins— 
actin, myosin, tropomyosin, and 
troponin. These poteins are absent 
in non-muscular tissue. 

Normally a muscle contracts in 
response to a nerve impulse. In addi¬ 
tion to this, it also contracts when a 
d irectelectrical, mechanical, chemical 
and thermal stimulation is applied. 

Electrical properties 

A chemical transmitter (acetyl¬ 
choline) is released at the motonerve 
(merve going from centre to the 
muscle) terminal. This substance then 
enters and depolarizes (stimulates) 
the end plate region of the muscle 
fibre membrane. If this depolariza¬ 
tion is enough, a local circuit current 
depolarizes the adjacent inactive 
fibre membrane. An electrical depo¬ 
larization (excitation) wave is then 
initiated and it passes along the 
muscle fibre membrane. This is car¬ 
ried inwardly to the myofibrils within 
and finally the mUvScle contracts. 
The velocity of this current (action 
current) in mammalian skeletal 
muscles is nearly, 5 m/sec. Once an 
action current is initiated, an inward 
ion current due to sodium influx 
(inflow) occurs in the local area of 
depolarization. Along with the in¬ 
ward current there is an outward 
current in the immediately adjacent 
area. This outward current tends to 
produce depolarization. Depolari¬ 
zation in one area predisposes 
adjacent areas to depolarization, and 
thus the wave is propagated, usually 
in both the direetton*^ from the point 
of ipitiation. The rcpolarization 
phase is partly due to increased 
premcability to potassium ion. The 
outward flow of potassium tends to 
restore the electronegativity on the 
inside of the meit^branc at a rate pro- 

'.fi -r i > 

SdBBSCR RBPCmTBR 


SCIENCE SPECTRUM 


Latent period 

Tension 



Stimulus Simple Contraction 

Fig. ] 


portional to internal potassium con- 
contration. The chloride ion influx 
delays the repolarization process. The 
rate of mechanical contractile res- 
ponse depends upon the metabolic 
rate of the muscle, temperature and 
the strength of the stimulus. 

Types of contraction 

The striated muscle in the body at 
rest is usually under slight tension. 
The maximal contraction force is 
obtained when the muscle length 
equals the normal resting length. 
Under normal circumstances, mus 
cle is stimulated by volleys of nerve 
impulses rather than a single impulse. 
Therefore, a simple twitch (contrac-- 
tion) does not occur naturally. A 
simple twitchconsistsof three phases, 
the latent period (time taken by a 
muscle to initiate the contraction), 
the contraction period (time of con¬ 
traction), and the period of relaxation 
(time of relaxation). 

The latent period occurs between 
the onset of the stimulus and the onset 
of the observable muscle contraction. 
In this interval the action current 
develops and excitation takes place. 
Presumably, calcium ions arc released 
from the depots and are diffused into 
the interfilament regions. The con¬ 
traction peiiod begins as soon as the 
muscle develops enough tension to 
overcome its own inertia to produce 
detectable shortening. The relaxation 


period covers up all activity after the 
contraction period of the simple 
twitch. In this interval the muscle 
returns to its resting length and all 
the chemical activity concerned with 
restoring the muscle to resting equili¬ 
brium conditions takes place. Re¬ 
laxation can occur only if the sarco- 
meric (muscle) filaments are allowed 
to disengage. This disengagement 
parallels the dissociation of actin 
and myosin. It will take place if cal¬ 
cium ion be removed from the myo¬ 
fibrils. 

The other important phase in 
muscle contraction is the refractory 
period. This is the interval following 
an initial stimulus during which a 
second stimulus cannot evoke the 
contraction of the muscle. In this the 
the muscle membrane is already de¬ 
polarized. During the early part of 
the refractory period, the absolute 
refractory period, a strong second 
stimulus will not produce a muscle 
response. During the last part of the 
refractory period, termed the relative 
refractory period, a strong second 
stimulus may produce a contraction. 
In this stage the membrane has again 
become irritable due to partial re- 
polarization, when a single muscle 
fibre is stimulated in the normal man¬ 
ner, it either responds to the maxi¬ 
mum amount that it is capable of at 
the time or fails to respond at all. 
The factors influencing it are tem¬ 


perature, pH, nature and concen¬ 
tration of cataboiites present, and the 
availability of ATP (adenosine tri¬ 
phosphate). This is Ail-Or Nothing 
Law : it states that when an 
excitable membrane is stimulated 
(depolarized), it will either fail to 
react or it will react maximally. 
The initiation of a propagated res¬ 
ponse depends upon a specific 
membrane depolarization threshold 
being attained by the stimulation 
process. 

Muscle tension varies with the 
frequency of stimulation. During 
voluntary muscle activity motoneu¬ 
rons discharge at rates increasing 
from approximately 5-50 impulses 
per second as the effort achieved in¬ 
creases from minimum to maximum. 
A synchronous activity results because 
muscle fibres are recruited at dif¬ 
ferent times and contract at different 
rates. At the lower rates of muscle 
stimulation, the individual muscle 
fibres perform a series of contrac¬ 
tions. As the frequency of moto¬ 
neuron discharge approaches the 
upper end of the range, the individual 
contractions begin to fuse until at a 
critical point called the fusion fre¬ 
quency, the state of tetanus (conti¬ 
nuous contraction) is attained. Dur¬ 
ing complete tetanus the muscle is in 
a continual state of contraction with 
no muscular relaxation taking place 
between successive nerve impulses. 
Muscle force is maximum at this rate, 
and more rapid motoneuron dis¬ 
charge, even if it were possible, would 
not yield greater force. In the normal 
resting state, skeletal muscle rarely 
relaxes completely. Instead, the fibres 
exhibit tonus, a persistent state of 
partially sustained contractions. 
Tonus is characterised by a low deg¬ 
ree of activity, low enough that oxy¬ 
gen consumption and the chemical 
processes of recovery are not taxed 
to the point where muscle fatigue de¬ 
velops. Tonus is maintained by cen¬ 
trally originating motor nerve im¬ 
pulses. There are two types of con¬ 
tractions. 
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1. An isotonic muscle contrac¬ 
tion is one in which the muscle chan¬ 
ges in length under constant tension. 
Here the muscle is firmly attached at 
one end but the other end is free to 
move. In nature,any muscle contrac* 
tion during which mechanical work 
results, such as running or lifting, is 
isotonic. In this case the muscle con¬ 
tracts and does the work. During 
contraction muscle becomes thick-- 
er, shorter and undergoes a :>hght 
reduction in volume due to n ocha- 
nical compression During relaxa¬ 


tion the volume change reverses. 
When the muscle is fatigued latent 
period, relaxation period increase 
and height of contraction is decrea¬ 
sed. If the load (weight) is increased, 
height of contraction is decreased, 
periods of contraction and relaxation 
become altered in form. The amount 
of work done at each contraction 
may be calculated by multiplying the 
weight lifted (force) by the distance 
through which it was lifted. 

An increase of temperature shor¬ 
tens the latent and contraction pe¬ 


riods The giHdieni of conn\»uion w 
increased and the height is usuiillv 
decreased. Relaxation is little deico 
ted either as to duration or gradient 
A decrease of the temperature has 
the opposite cfTcci on the latent and 
contraction periods and prolongs 
the relaxation period. In intact ani¬ 
mals the muscle contractions are of 
isotonic type 

2. An isometric contraction is 
one in which the muscle contracts 
without length It occurs in nature 
when one holds an object stationary 
or when muscle contracts to maintain 
posture Here muscle activity is di¬ 
rected towards preventing pnotion 
against an opposing force. During 
a true isometric contraction chemical 
energy is transformed solely to heat 
energy with no external work being 
performed. If the load or opposing 
force exceeds that developed by the 
isomctrically contracting muscle,then 
the muscle is forced to lengthen and 
negative work is done In intact 
fliving) animals isometric contrac¬ 
tions can occur when muscular cfTorl 
is exerted against a fixed or a heavj 
object or when skeletal muscle is in 
a state of tonus(pariial contraction). 

Changes during contraction 

During contraction muscle pro¬ 
duces heat which is of three types, 
resting, initial and recovery. Resting 
muscle produces measurable heal. 
It depends primarily upon aerobic 
exothermic chemical reactions (re¬ 
quiring oxygen and releasing heat). 
When muscle begins to contract, 
production of heat is increased as 
compared to the initial heat. Initial 
heat can be classified into several 
consecutive processes. The first of 
these is.the heat of activation or main¬ 
tenance. This phase of heat produc¬ 
tion commences in the interval bet¬ 
ween excitation and the beginning 
of actual contraction, and conti¬ 
nues as long as the muscle remains 
activated. The next stage, heat of 
shortening, is initiated when the sae- 
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eomcrcs decrease in Uni?ih li a mu¬ 
scle contracts isomctrically, there is 
no heat of shortening. When a mus¬ 
cle IS stretched that is when a mus¬ 
cle performs the work, heat flows 
from the environment into the mus¬ 
cle Heal of relaxation is a physical 
process resulting from the potential 
energy liberated from a tense and 
shortened muscle as it passively Icn- 
thens. The heal of relaxation is direc¬ 
tly proportional to the amount of 
work done by the muscle during con¬ 
traction. For a period as long as 30 
minutes immediately following rela¬ 
xation, many chemical processes op¬ 
erate to restore the muscle to resting 
equilibrium state. The amount of heat 
freed during recovery approaches that 
liberated during the actual muscle 
contraction. 

Adenosine triphosphate (ATP) is 
the primary contributor of energy 
for contraction, all of which is bound 
to myosin in the muscle ATP breaks 
down to release one molecule of 
ADP (adenosine diphosphate), phos¬ 
phate and energy. Generally in con¬ 
tracting muscle, the ADP does not 
breakdown further to release more 
energy but eventually is recycled 
back to form ATP. The level of ATP 
in contracting muscle rarely falls to 
low levels. U is supposed that more 
ATP is created from ADP by rapid 
transphosphorylalion of creatine 
phosphate. These reactions arc en¬ 
tirely anaerobic (do not require oxy¬ 
gen). A byproduct is lactic acid. A 
portion of lactic acid is carried from 
the muscle to the liver. There it is 
reconverted to glucose. Most of the 
lactic acid is not removed but accu¬ 
mulates in the muscle and lowers the 
pH. Thus, it produces muscle fati¬ 
gue. During the period following ex¬ 
ercise, oxygen is again made avail¬ 
able to muscle at rates exceeding the 
instantaneous metabolic demands. 
At this time oxygen is used mainly 
to abolish the deficit incurred during 
exercise. Here, it is utilised in the 
oxidation of lactic acid. Oxygen debt 
lefers ic* the dispaniv between the 


loial oxygen need at the end of the 
period of muscle activity and that 
which was actually delivered. This 
debt is abolished in the recovery 
period follov\ing cessation of con¬ 


traction, 

P. C. Gakcwak 
Department of Animal Science 
Punjab Agricultural VnixersUy 
Ludhiana 


Metabolic changes in starvatio 


H uman body is like an intricate 
machine which needs fuel to 
keep It running. This is normally 
provided by the macronutrients in 
food-carbohydrates, fats and pro¬ 
teins. A second group of food cons¬ 
tituents, the micronutrients, includ¬ 
ing the vitamins and minerals is 
required for the utilization of the 
macronulricnts in energy-generation 


through oxidative metabolism, as 
well as for numerous other vital 
processes occurring in the organism. 
Finally there is water, a considerable 
amount of which is lost daily through 
various excretions (including urine 
and sweat), and which must therefore 
be replenished. 

The voluntary or involuntary de¬ 
nial of food, as occurs during fasting 


Table i. Tissue fuel need and fuel cimtent of an average 70 kg man on an 
average diet 


Tissue 

huel 

Fuel 

consump^ 

tion 

gm^day 

Energy 

reserved 

K.cal. 

Average diet 
intake 

Brain 

Glucose 

120 

4%0 

Protein 70 g-280 g 

Liver 

Amino acids 

70 

280 

Carbohydrate 

Muscle 

Glucose. Fat 

6 O 4 & 6 O 

780 

220 g-880 g 

Fat 

Anaerobic tissue, viz., 
R.B.C. Renal Medulla 
Testis 

Glucose 

40 

160 

1700 

60g-540g 

160 


Table a. Energy reserves of a 70 kg man 


Fuel 

Tissue 

Fuel in g 

Reserved 

energy 

(Kcal.) 

Triglycerides (Fat) 

Adipose tissue 

15,000 

1 13.UU<» 

Glycogen 

Liver 

70 

280 


Muscle 

120 


Glucose 

Blood plasma and other body fluidi 

20 


Protm 

Muscle 


74 .mm 
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limited period! without food, 
'''c »hel| consider the mechanism of 
•‘urvival later, but it worth noting 


here that different species oflinimals 
and plants have d^rent capacities 
for doing so. Animals like camels. 


and turtles are, however, exccption> 
Another prime example of sttarvation 
in nature is offered by the hibernniini? 
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Fi|{. 2. CooversioB of jibuiine, Asiwrtic and 
gliitanic acid to glacoso 

Intake docb not lead to a cut down of 
glucose requirement of the brain and 
ihe anaerobic tissues. Muscle glyco¬ 
gen is not depleted in early starva¬ 
tion, and the maximum effective glu¬ 
cose reserve is 90 gm (Table 2). 
With this glucose reserve a starving 
man can survive only for a limited 
l-ieriod SO, during this period, glu¬ 
cose must be produced in the body 
from the non-carbohydrate sources. 

Carbohydrate metabolism 



Oxalo acntic 
Acid 


Phoepho cnol 
Pyruvate 


Glucose 


The important precursors of glu¬ 
cose arc lactate, glycerol and gluco¬ 
genic amino acids, particularly ala¬ 
nine. Pyruvate is formed from lac¬ 
tate and is converted into phospho- 
cnol pyruvate, phospho-glyceratc, 
glyceraldchydc 3-phosphatc, fructosc- 
6 - phosphate, glucosc-6-phosphate, 
and then into glucose with the help 
of several enzymes (Fig. I), Glyceral, 
derived from the hydrolysis of body 
fat, also gives rise to glucose through 
the same pathway (Fig. J). The glu¬ 
cogenic amino acids, derived from 


animals which survive in winter foi 
months without any nourishment 


Acetone 


Propanediol 


Lactlt 


What happens during starvation 


During starvation, the body has 
to mobilize the inner resources, i.c., 
fuel reserved in the body. In 1966-69, 

G. F. Cahill of the Joslin Research 
Laboratory, Harvard Medical School 
and Diabetes Foundation, USA cal¬ 
culated the fuel balance sheet for man 
(Tabic I). The total glucose need of 
an average man, about 220 gm per 
day, is satisfied by carbohydrate in¬ 
take in diet. Muscle can utilize fats, 
therefore its glucose need is less. The 
minimum glucose need per day of an 
average man is 160 gm, but a reduced 

Co^;Hj^O 


Pyruvl 



H^04CC^ 


ATP 


Ae*tyl CoA . K 


t-'lg. 3. Ovldation of ketone bodies daring 
starvation 
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Fig. 4. ChangM in ptasmm alanine during staryalloB 


protein breakdown, also produce 
glucose through the glycogenic path¬ 
way (Fig. 2), Glucogenesis initially 
takes place only in the liver, but dur¬ 
ing prolonged fasting the kidney also 
starts to generate glucose (Table 3). 
The amount of glucose available to 
the brain is 60 gm and 35 gm in the 
early and late stages of starvation 
respectively. The glucose need of 
brain per day is 120 gm, thus glucose 
deficiency of the brain is 60 gm and 
85 gm respectively under these con¬ 
ditions. It Was found out that the 
brain contains an enzyme system for 
oxidising ketones arising from 
ketosis of body lipids (Fig. 3.). After 
5 to 6 weeks of starvation, 75% of 
the energy demand of the brain is met 
by ketones. Looking at the Table 3 
we find that on the third day of fas¬ 
ting, the body makes 42 gm of glu¬ 
cose from protein. This is equivalent 
to about 75 gni of body protein. 

Likewise, the total protein reserve 
in the body is about 6 kg. If the 
average consumption is 75 gm per 
day, the total reserved protein will 


be exhausted within 80 days. Again, 
loss of 65% of the body protein can 
cause death. This danger is reduced 
by a cutdown of gluconeogenesis of 
amino acids, i.e., reduced break¬ 
down of body protein which starts 
as soon as shifting of the brain from 


glucose to ketones occurs (from ab 9 Ut 
the third day of fasting). Glucose 
production from pyruvate, lac¬ 
tate and glycerol remains almost 
constant. As starvation continues, the 
conservation of body protein gra¬ 
dually gets prominance in metabolic 
changes. Only 16 gm of body pro¬ 
tein is used per day after 5 or 6 
weeks. 

Protein metabolism 

Protein breakdown is prominent 
during early stage of starvation. This 
results ia elevation of amino acid 
levels in plasma and subsequent ca¬ 
tabolism of amino acids in liver, 
accompanied by increased urinary 
nitrogen. This state discontinues after 
a few weeks (Fig. 4). Studies, in which 
exogenous alanine has been ad¬ 
ministered to fasted subjects, provide 
evidence of the importance of avail¬ 
ability of this amino acid in the 
control of gluconeogenesis in star¬ 
vation, Intravenous infusion of ala¬ 
nine after 46-week$ fast results in 
a prompt increase in blood glucose 
concentration. In contrast, replace¬ 
ment of carbohydrate by fat results 
in a specific fall in plasma alanine 
concentration. These dietary studies 


Table 3. Glucose prodnetioo in man daring starvation 



Glucose production 

Precursors 

Brieffasting 

Prolonged 


3-4 days 

fasting 5-6 weeks 

Glycefal 

19 

19 

Lactate and Pyruvate 

39 

39 

Amino acids 

41 

16 

Total glucose production by gluconeogenesis 

9955:100 g 

75^75 g 


Table 4. Hormonal changes during starvation 


Blood constituent 

Fasting 
days — 3 

Fasting 
da^s —7 

Fasting 

onwards 

Normal 
absorp~ 
tion value 

Blood glucose nig% 

60 -70 

60-70 

60-70 

100—120 

Blood insulin fsMfml. 

8 

8 

8 

IS 

Blood glucogon pg/nd. 

144 

115 

.1 

-- 

73 
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Pig. 5. OxMatioa of and kctools darinc starration 


indicate that plasma alanine 
levels are reduced in circumstances in 
which the need for gluconeogenesis 
is augmented. On the other hand« 
when an excess of dietary carbohy¬ 
drate is available, even in the case 
of protein lack, alanine accumulates 
in blood, presumably as a conse> 
quence of decreased consumption for 
gluconeogenesis. 

In the terminal stages of fasting, 
i.e., just before death, when all other 
energy sources (viz., carbohydrate 
and lipid) have been exhausted, pro- 
tein and nucleic acid breakdown are 
once more accelerated. This is reflec¬ 
ted in elevated plasma and urinary 
nitrogen levels, resulting in negative 
nitrogen balance. 


hydrolysed to free fatty acids and 
glycerol. Glycerol is a glucogenic 
precursor. The liberated free fatty 
acids are used for energy (ATP) 
generation in heart, kidney and mus¬ 
cle. Besides these, ketone bodies arc 
liberated in liver through ketosis and 
arc used as fuel by peripheral tissues 
like brain and muscle during pro¬ 
longed fasting (Fig. 5). Kidneys show 
enhanced reabsorption of plasma 
ketones during starvation to help 
conserve this important source of 
energy. 

Hornmal chuatgits 

Many of the abnormalities asso¬ 
ciated with protein, carbohydrates 


and lipid metabolism during starva¬ 
tion can be explained on the basis of 
changes in the hormonal levels in 
plasma (Table 4). The important 
event in early fasting is that insulin 
level is depleted and glucagon level 
goes up. The reduced insulin results 
in the release of amino acids from the 
.muscles and enhances lipid mobiliza¬ 
tion from adipose tissue. 

The metabolic response to star¬ 
vation is triphasic. The changes in 
body fuel metabolism difier in early 
and late stages of starvation. The ini¬ 
tial response is devoted to maintain¬ 
ing hepatic output of glucose by glu¬ 
coneogenesis while the late response 
is directed at maintaining body pro¬ 
tein reserves. Both the conservation 
of body protein and switching over 
of the brain and other tissues from 
glucose to ketones contribute to the 
survival; just before death the body 
protein reserves are exhausted as 
there is extensive protein breakdown 
to sustain the organism. 

Modhai Mondal 
P. K. Banerjee 
Deptt. of Physiology 
University College ' of Medicine 
Calcutta University 
Calcutta-700020 


Lipid Metabolism 


Food from inorganic compounds 


During fasting there is anextensive 
mobilization of body fat which is 



iiu. 6. Bad> weight changes and fat oxid¬ 
ation during starvation 


F ood from inorganic com¬ 
pounds! It sounds incredible. But 
a recently developed* process makes 
this possible. The process envisages 
the use of solar energy and inorganic 
compound for the production of bac¬ 
terial biomass. This bacterial bio¬ 
mass can be suitably processed to 
produce food, which is rich in pro¬ 
tein and other nutrients and fuel. 
There are many advantages of 
this process. It has been theoretically 

S4 


calculated that the yield of biomass 
from this process is about 10.5 to 
17.5 per cent. The process utilises 
about 35 per cent of the incident 
solar energy. The process requires 
neither fertile soil nor abundant 
supply of water. So it can 
be convenicnly employed in deserts 
and regions with infertile soil. An 
added advantage is that the process 
can be worked in a compact and 
automatic factory 
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Another process to produce 
biomass using solar energy is photo> 
synthesis. It requires fertile soil and 
abundant supply of sweet water. The 
yield of the biomass through this 
process is very low; the maximum 
yield is 4 percent. Thcconversion of 
solar energy by this process is also 
very low and ineffective, about 
5 per cent to 6 per cent. 

♦Hilmut Tributsch of Labora- 
toric dc Believe, Paris, France, 
has reported in a recent issue 
of Nature (18 October 1979) about 
the new process for the production 
of biomass. The new process is exe¬ 
cuted in two steps. In the first step, 
a suitable inorganic compound is 
produced through a thermochemi- 
cal reaction which uses solar energy. 
In the second step, which is the 
important step, this inorganic com¬ 
pound is used as a source of energy 
for the growth of a suitable bacterium. 
One of the many bacteria which can 
produce biomass by this process 
is Thiobacilius ferroxidan. In the 
first step, ferrous iron is produced. 
One of the ways in which ferrous iron 
may be produced is as follows : 

2FeC4 — 2FcCI* + Cl* 

H^O ^ Cl, 2HCI + JO, . . (I) 

These reactions arc endothermic 


in nature, in that energy is needed 
for the reaction to occur. This energy 
is supplied as solar energy. In the 
second step of the process, the 
bacteria is grown on the ferrous iron 
produced in reaction (1). The 
bacterium is autotrophic in nature. 
It requires CO, for its growth, which 
it obtains from the atmosphere. 
CO, is fixed by biochemical 
mechanisms. The bacterium re¬ 
quires an environment of 
a particular acidity and an opti¬ 
mum temperature of 34 ®C 
for its growth. The reaction 
which releases energy for the growth 
of bacterium in the second step is: 

2FcCl, 4 2HC1-4 lO, 

2 FeCIa H- H,0 ..(2) 

Theoretical calculations show 
that this process is economically 
feasible. The bacterial biomass that 
is produced is rich in protein; T. 
Ferroxidan contains 44 per cent 
protein, 26 per cent lipids, 15 per 
cent carbohydrates, and at least 
two ‘B* vitamins. It has no known 
negative physiological effects and 
can be manufactured in factories of 
moderate size. 

The process, however, suffers 
from a disadvantage. The oxida¬ 
tion reaction of ferrous chloride 


(Reaction 2) generates a small 
amount of energy. So a relatively 
large quantity of material (Fc*"^, 
Fc*+) would have to be circu¬ 
lated to obtain a small amount of 
energy. This difficulty can be remo¬ 
ved by replacing the solar thermal 
reaction (Reaction 1) with solar 
powered electrochemical cells or 
photoelectrochemical cells. The 
cells may be so designed as to produce 
ferrous iron in the cathodic reaction 
and oxygen in the anodic reaction. 
In this case the bacteria can be grown 
in the same reactor in which their 
energy source is produced. It is 
estimated that the total efficiency then 
will be of the order of 6 per cent. 
The new process for getting bio¬ 
mass from bacterial sources is based 
on established principlesand does not 
involve expensive raw materials. The 
new process also breaks down some 
of the restricting environmental con¬ 
ditions imposed on the present pro¬ 
cess for producing biomass, which 
uses solar energy. If the new process 
is found economically feasible 
on a large-scale, then a larger area 
of the world will be available for 
production for food, fuel and ma¬ 
terial. 

P. SUNDERARAJAN 


ConigeBda 

1. Kchr The story of 11 {S.R.y September 1979), on page 595, second 
column, in last line, please read (})* as (}/ . 

2. Refer Vitamin D—a vitamin or hormone (JS.R.y November 1979), on 
page 768> first column^ in the 6th line from bottom* please read 
300 mg—500 gm as 300 g—500 g. Same page, third column, in ISth 
and 19th lines, please read 25 hydro-vitamin 0> as 25 hydroxy 
vitamin Ds. 
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IAEA 

Conference 

^HE 23rd General Conference of 

the Interriational Atomic Energy 
Agency was held in New Delhi from 
December 4 to 10, 1979. Delegates 
from 81 Countries and representa¬ 
tives from a number of international 
agencies attended the Conference^ 
which was inaugurated by the Prime 
Minister. Dr. H.N. Sethna, Chair¬ 
man of the Atomic Energy Commi¬ 
ssion, of India, was unanimously 
elected as the President of the the 
Conference. 

In his address to the Conference, 
Dr, Sigvard Eklund, Director Gen¬ 
eral of the Agency, pointed out the 
need for more nuclear energy in 
view of the growing world popula¬ 
tion and less liklihood of tapping 
new energy sources in the near fu¬ 
ture. He emphasised that nuclear 
hazards, though look enormous, are 
as dangerous as from any other 
source. Today, about 230 nuclear 
reactors are functioning all over the 
world totalling oVer 1800 years of 
reactor experience, but there has 
not been a single case of human 
death. Besides, radiations from 
nuclear reactors, he emphasised, 
form only 0.15 per cent of the total 
dose incident on man from various 
sources, natural as well as artificial. 

The 110 member Agency is a 
body set up in 1957 to provide techni¬ 
cal assistance in matters of nuclear 
knowhow for peaceful uses to its 
members. Knowhow is given for not 


only building of nuclear rccactors 
and their maintenance but also 
applications of nuclear radiations in 
agriculture, geology and other 
related sciences. In recent years, the 
issues of safeguards of nuclear power 
plants and the disposal of nuclear 
waste have come to the fore. It is 
also the function of theAgency to see 
that its member countries follow the 
safeguards for their nuclear reactors 
and to help them in disposing of the 
nuclear waste. Besides, it also keeps 
a count of the nuclear fuel it supplies 
to its members, so that the fuel is 
not used for making nuclear weapons. 
Enforcement of safeguards is done 
in accordance with the Nuclear Non¬ 
proliferation Treaty which came into 
force in March 1970. To date 111 


countries have signed the Treau 
which does not include India. 

Delegates from the developing 
countries were of the view that 
technical assistance was being denied 
to them. They pointed out that the 
Agency was allotting more of its 
funds for maintenance of nuclear 
safeguards rather than the promo¬ 
tion of technical assistance, whic^ is 
its primary role. During the Con¬ 
ference, attention was focussed on 
three or four main issues: how to 
increase the funds available for the 
technical assistance activities of the 
Agency; composition of the govern¬ 
ing body of rhe Agency; issues rela¬ 
ted to supply assurances of nuclear 
fuel; and the Agency’s budget for 
1980. 


Symposium 

Vegetational wealth of India 


A six day botanical symposium 
^ on the vegetational wealth of 
Himalayas was held from Oct. 1 to 
6, 1979 at Department of Botany, 
University of Garhwal, Srinagar 
(U.P.) It was sponsored by Indian 
National Science Academy, Uttar 
Pradesh Council of Science and Tech¬ 
nology, Department of Science and 
Technology, Indian Council of Ag¬ 
ricultural Research and the Universi¬ 
ty of Garhwal. The symposium was 
inaugurated by Shri Sundar Lai 
Bahuguna, the famous forest con- 
server. More than 150 research pa¬ 
pers were presented at the symposium 
for discussion and about 40 botanists 
participated in the symposium. 
The delegates were distinguished 
workers in different aspects of 
Himalayan botany. The most im¬ 
portant topic of discussion was the 
forest conservation and preserva¬ 
tion of rare Himalayan plants. The 
need of conservation of forest wealth 
was established. Ecological balance 


in Himalayas was suggested not 
to be disturbed. Bahuguna, 
the Uttarakhand Chipko Andolan 
leader, stressed the importance of 
having no more roads in the hills. 
Such factors arc responsible for 
serious hazards and he Cited the exam¬ 
ple of recent land slide in district 
Chamoli of Garhwal, which is a 
result of ecological disturbance. He 
recommended some measures of 
forest conservation,namely, preserva¬ 
tion of trees and plantations on bare 
areas. ‘Chipko Andolan’ was suppor¬ 
ted, and an appeal was made for 
stopping the commercial felling of 
trees. The other aspects of discus¬ 
sion were Himalayan flora with 
special reference to apline flora, 
ecology and ecogeography, survey 
and mapping of Himalayan plants, 
the danger of vanishing species, the 
exploitation of rare medicinal plants, 
the morphological and evolutionary 
themes presented by Himalayan 
plants, adaptation of high altitude 
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plants, cyiotaxonomic analysis and 
pathology of Himalayan plants. 

There was also a discussion on the 
recommendation of plantation of 
certain useful trees such as Euca¬ 
lyptus and fruit trees to check erosion 
of hills. It was recommended that 
conservation of Himalayan plants 
should be included in the syllabus 


Interview 

Dr. J. K. Ladha 


W HAT should be done to im¬ 
prove the standard of research 
in India The 1979 INSA Young 
Scientist Award winner, Dr. Jagdish 
Kumar Ladha, has some points to 
make. First of all, he says, students 
should be tested for aptitude in 
research because most of them con¬ 
sider fellowships as ‘unemployment 
doles’. Secondly every supervisor 
should guide only a small number 
of students, which would not only 
improve his efficiency but also the 
students*. Thirdly, he should be 
made free of all administrative 
trappings. 

Dr. Ladha laments tJ^at “quite 
a lot of time of active researchers 
in India is consumed in administra¬ 
tive work”. Moreover, he adds, an 
Indian scientist doe'* nof gel the 
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of Garhwal University. The sym¬ 
posium was also attended by geolo¬ 
gists, geographers, economists and 
Sankrit mythologists. 

G. S. Rajwar 
Lecturer 
Department cf Botany 
Govt. Post Graduate College 
Kotdwara-l*4(i 149 (Garhwal) 


recognition he deserves. His own 
research concerns Cyanobacteiia, or 
blue-green algae, a group of micro¬ 
organisms, whose cells contain no 
definite nuclei. These microorganisms 
have a great potential, in that they 
had evolved in the primeval 
times, they resemble green plants 
and bacteria. Dr. Ladha has done 
research on one member of the 
group, Nostoc, His best research 
was, he says, done abroad. It was 
only because he could avail of the 
facilities available there, which im¬ 
proved the quality of his research 
work. 

Born on January 5, 1952, in 
Gwalior, Madhya Pradesh, Dr. 
Ladha hails from a business family. 
He did his schooling at D.A.V. 
Higher Secondary School in Gwalior. 
After M.Sc. from Jiwaji University 
and Ph.D. from Benaras Hindu 
University, he joined the University 
of Dundee, U.K., in 1977 as a 
Commonwealth post-doctoral fellow. 
He says his interest in scieiitiiic 
icsearch developed from a trivial 
incident during his childhood. One 
day he saw a line of ants going 
somewhere. Just for fun of it, he 
rubbed a spot between two ants. To 
his astonishment he found that the 
ants preceding the spot got con¬ 
fused. Why did the ants get con¬ 
fused? He asked his school teacher 
but he could not give a satisfactory 
reply. The incidence haunted him, 
and helped him to develop interest 
in science. 

Dr. Ladha says that most of 
the people around him discouraged 
him from taking up research because 


It is not a rewarding career. But he 
received ‘^sufficient” cncourgcmcnt 
from his science teacher and, later, 
his guide. Prof. H.D. Kumar, to 
sustain his interest and aspiration. 
He says that his research is a pro¬ 
duct of hard work. “Chance may 
help sometimes in research but not 
always**. After doing research under 
Prof W.D.P. Stewart, F.R.S. for one 
year in U.K., he returned to India in 
1978. At present, he is a lecturer in 
tjic School of Biological Sciences, Ma¬ 
durai Kamaraj University, Madurai. 

To popularise science and 
nurture scientific temper among 
students. Dr. Ladha says, inquiry 
and Icarn-through-fun methods, 
must be brought into us. 

Dilip M. Salwi 


Young scientists’ 
meet 

HE Society of Young Scientists 
at the All India Institute of Medi¬ 
cal ScienceSjNew Delhi, is organizing 
a Symposium on ‘Management of 
Indian Science for Development and 
Self Reliance* which will be held 
from Feb. 6-9, 1980. The topics : 
(i) Evolution and current status 
of instruments of science policy in 
India-Critical analysis, (ii) Science & 
technology for development & self 
reliance, (iii) Management of 
research & development in research 
institutions & universities, (iv) Role 
oi scientists m social change- 
proposals for future action. 

The abstracts of the paper to 
be presented should not be of more 
than 250 words. The la.st date for 
receipt of abstracts is January 31, 
1980. Except for thc5c who have 
their own arrangements in Delhi, wc 
are trying to arrange free boarding 
and lodging for the participants. 
N. N. Mehrotra Convenor SYS 
Symposium 7/1 M, Ashwini Ho.stal. 
AlFMS, New Delhi-110016. 
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Antihistamines 


A ll are conversant with the 
svnici 'iillcruv' Thi'v oici brines 



(I) 



(n) 



(IB) 


1 


to ihc mi/nl irritating memories /»ci so/] starts feclling sick and a drug 
of a running nose, rashes and other has to be administered. The drug 
manifestations that arise from molecules replace the substance 
allergy. Sometimes, these allergic molecules locking onto the 
manifestations appear as a bolt receptors. As soon as this happens, 
from the blue. However, may per- the messengers (cyclic AMP and 
sons are unware that the real culprit cyclic GMP) again transmit singnais 
behind all these troubles is a cheirweal to the cell-interior and the initiated 
substance called histamine (1). cell-reaction is retarded and finally 
Doctors, therefore, prescribe anti- terminated. The physical turbulence 
liistaminic duigs to reduce and annoying the person is thus pacified, 
ultimately wipe off these allergic ft has bcLii found that when 
irritations, histamim molecules lock onto the 

To get an insight into the role receptors they bring about various 
of antihistamines, the meaning of allergic manifestations. The role 
the term ‘Receptor' has to be under- of antihistamines lies in their locking 

stood. The dynamic, changing onto receptors in various parts 

Mirfacc of the cell contains large of the body and preventing the 

I loating molecules called ‘receptors*, histamine molecules from gaining 

Hormones and other substances access to the receptors. 

f)roduccd by the body fit exactly Antihistamines, however, have 
into the structure of these receptors, failed to cure peptic ulcers which 

While some of these substances were known to be triggered by 

on attachment with the receptors histamine. This puzzled scientists 

irigger a cell-reaction which is for along time until the discovery of 

conducive to the body, others gener- another type of histamine receptor 

.ite a cell-reaction which causes in the gastro-intestinal tract, 

irritation in the body. How is the Afterlongexperimentation, scientists 

cell-reaction intitialed ? As soon have found a modified histamine 

as a substance locks on lotherecep- molecule which could lock 
tor, the receptor immediately tran- onto the new type of histamine 

smits signals to the interior of the receptor present in the gastro-intes- 

cell through the messenger cyclic tinal tract and thus hinder the 

AMP (II) and cyclic GMP (HI) histamine molecule from doing the 

to initiate ccll-reaciion Cyclic AMP same, 

and cyclic GMP arc nucleotides. 

Now', if the intitiated cell-reaction Chitra Dattagupta 

j: not conducive to the body, the 


Some antiamoebic synthetic drugs 

T he term ‘*amoebiasis” in man blob of jelly with a nucleus, ft feeds 
may be defined as the infection on human tissues and it can broach 
caused to susceptible person with and enter the lining membrane of 
htttumoeha hisrolytica. It is a micro- the intestine. It reproduces by split- 
sci'pic, one celled animal (Phylum : ting into two halves, each of which 
ptoiozoa. Class : Rhizopoda, Fa- grows into a mature amoeba. This 
iDily : Amoebidae) of about 25 mi- easy parasitic life is possible only 
uons (1/1 OOOin) in diameter, a living inside the human body. During an 
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attack of amoebic dysentery (amoe-^ 
biasis) large number of amoebae are 
ejected in the stools and most of them 
die and the rest take on a new form 
becoming cysts, like the spores of 
some bacteria and other simple 
plants. A cyst is a round, inert body, 
usually with several (2-4) nuclei. It 
makes no demands on its environ- 
incnt, for it neither feeds nor repro¬ 
duces. In this form the parasite can 
live for weeks without human com¬ 
pany. 

The disease is contracted by swal¬ 
lowing food (e.g., raw vegetables) 
or water contaminated with these 
cysts. This is most likely to happen 
in places where human excrement is 
used as manure, but unless ideal stan¬ 
dards of hygiene are maintained 
amoebic dysentery can occur any¬ 
where. It is common in the tropics 
and subtropics^ and fairly rare else¬ 
where. 

The symptoms of amoebiasis arc 
much vaguer aches which may sug¬ 
gest appendicitis; feeling olf-colour: 
occasional diarrhoea; and even consti¬ 
pation. The patient may go on like 
this for years, never really ill but 
never quite well. This, then is one of 
several diseases which can keep 
people who live in the tropics con¬ 
tinually below par. The most impor¬ 
tant complication is the infection of 
the liver by amoebae which enter 
the veins of the intestine and are 
carried to the liver in portal vein. 
Amoebic abscesses may be formed, 
causing fever; and pain over the 
liver. Spread of infection from the 
liver to more distant organs (i.e., 
lungs, brain and genital) is also seen 
but rare. 

Many drugs, most of them syn¬ 
thetic, arc used as an amoebicide, a 
detailed account of them is given 
below. 

8-Quiaoliiiob 

Three iodinated 8-quinolinols 
have been used for many years in 
the treatment of amoebic colitis (in- 
HammatioD of the large intestine ow- 
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ing to amoebiasis) namely : 7-iodo-8 
quinolinol- 5 sulphate (Chiniofon, A); 
5-chloro-7-iodo-8-quinolinol (iodo- 
chloro-hydroxyquin, B) and 5, 7- 
diiodo-8-quinolinol (diiodohydroxy- 
quinoline, C). These compounds 
are ineffective against extra-intes¬ 
tinal amoebiasis (in amoebic hepati¬ 
tis) and their use is contra-indicated 
in patients sensitive to iodine. 



(Kh 


FI*. 1 

The synthesis of sodium 7-iodo- 
8-quinolinol was first published in 
1892 but its amoebicidal effect was 
discovered in 1921, 5 chlora-7-iodo- 
quinolinol and 5, 7-diiodo-8-quinoli- 
nol were introduced shortly after 
A and B. 

Many non-iodinated 8-quJnoIinols 
arc also highly effective against Ent¬ 
amoeba histolytica in man, name- 
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ly: 5, 7-dichloro-2-mcthyl 8-quino- in host but it seems unlikely that cir- 
linol (Chloroquinoidol, D); 5, 7- culating forms of iodine are rcs- 
dibromo-8-quinolinol (broxiquino- ponsible for the efficacy of the iodi- 
Une, E), Jntestopan is a combination nated 8-quinoUnols in intestinal 
of broxiquinoline and 5, 7-dibromo- amoebiasis. 

2-mcthyNS-quinol benzoate ester A relatively prolonged and unin- 
Cbrobcnzoxaldinc, F). tcrruptcd treatment with halogenatcd 

It was thought earlier that the hydroxyquinoline derivatives, used 
mechanism of action of iodinated in high dosage for more than 14 
drugs lire due to 1 he release of iodine days, have been reported to cause 


peripheral neuritis and damage t( 
the optic nerves in some cases. 

Nitro lieterocyclic compoimds 

It was noticed twenty years ago 
that 2-acetamido 5-nitrothizole (am- 
inotrozole, G) cures intestinal amoe¬ 
biasis in rats and dogs at well tolera¬ 
ted doses. Recently, a new 2-amino 5- 
nitrothiazole derivative (niridazole, 
H) With strong therapeutic effects 
against amoebiasis was discovered. 
The minimum inhibitory concentra¬ 
tion of niridazole against Entamoeba 
histolytica in vitro is 10 /Ag/ml. Re¬ 
sults from recent human trials con¬ 
firm that niridazole administered in 
daily dosage of 20-25 mg/kg lor 5-10 
days is h.ghly effective against in¬ 
testinal as well as hepatic amoebiasis 
but with some side effects. 

2-methyl-5- nitro - I - imidazole- 
ethanol^ (Metronidazole : Flagyl^, 
Metrogyly Unimezole^ 11 exhibits 
broad antiprotozoal activity. Metro¬ 
nidazole kills Entamoeba histolytica 
in vitro at concentration of 10;ig/ml 
and has marked activity against 
intestinal as well as hepatic amoe¬ 
biasis It is given orally in 200 mg 
doses for 7-10 days, cured 95 out of 
100 patients with acute amoebiasis 
of both forms. No toxic effects have 
been noted on the basis of results 
obtained. 

Regarding the metabolism of 
metronidazole in man, urine con¬ 
tains 61 %-69% unchanged metroni¬ 
dazole together with small amount of 
the corresponding acids (25%-26%; 
and a secondary metabolite, identi¬ 
fied as the other glucuronide. No 
evidence was obtained about nitro 
group reduction. 

In addition to the nitrothiazoles 
and nitroimidazoles, many other 
nitro heterocyclic compounds possess 
antiamoebic activity including nitro- 
pyrroles, nitropyrazoles, nitrofurans 
and nitropyridines. Among them 
1 -(2-hydroxy ethyl)-5-nitro-py rrolc- 
2-carboxamide (J) has promising ornl 
activity against intestinal and extr;»- 
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intestinal amebiasis in rats and dogs. 
Ercefuryl (K) p-hydroxybcnzoic 
acid-(5-nitrofurfurylidene) hydrazide 
IS also found active against amoebic 
dysentery. 

Other heterocyclic compounds con¬ 
taining nitrogen 

Besides, antimalarial properties, 
amodiaquin (L), chloroquin (,M), 
hydroxycholorquin (N), quinacrine 
(O) and santoquin (P) are effective 
against amoebic hepatitis in man 
but not useful in intestinal infections, 
presumably because they are readily 
absorbed and do not reach the* lower 
intestine in required concentration. 
An efficient therapy for both intes¬ 
tinal and extra-intestinal amoebiasis 
may be achieved by the judicious 
combination of one of these com¬ 
pounds with one or the more effec¬ 
tive agents commonly employed in the 
eradication of intestinal infections. 
Resotren^ AmidinCy Amoebiotic are 
a combination of Tetracyline hydro¬ 
chloride, Di-iodohydroquinolinc and 
chloroquin phosphate and poorly 
absorbed due to low solubility and 
that is effective against both forms of 
amoebiasis in man. Approximately 
half compound is broken down fn 
the small intestine, remainder passcss 
on to the large intestine where 
further cleavage occurs. Tetracycline 
is not a direct amoebicide but it 
alters the bowel flora on which amoe¬ 
bae live and di-iodohydroxyquinolinc 
kills them. This combination is 
very effective when given orally for 
7 days, and cures 90 patients out of 


100. Continuous use of chloroquin is 
prohibited as it forms a complex 
with DNA and inhibits in vitro 
reactions catalyzed by DNA poly- 
merage, RNA polymerase, and de¬ 
oxyribonuclease. It also inhibits pro¬ 
tein synthesis as its secondary effect. 

Out of many 7-aminobenz (^c) 
acridines synthesised for antiamoebic 
evaluation, 7-3-(octylamino) propyl 
aminobcnz(c) acridine CQ"! was se¬ 
lected for expanded studies. In vitro 
potencies of (Q) and emetine against 
several strains of E. histolytica are 
comparable. The drug acts rapidly, 
and its effects are not appreciably 
reduced by protein; it is a direct 
acting amoebicide. On a weight 
basis (O) is approximately 8 times 
as active as chloroquin against amoe¬ 
bic hepatitis and intestinal amoebia¬ 
sis in man and well tolerated. 

Quinones 

4, 7-Phcnanthroline-5, 6-quinone 
(Phanquone : Entobex) has achieved 
wide acceptance as an intestinal am¬ 
oebicide. In vitro phanquone is amoe- 
bicidal at60mg/ml. and exhibits anti¬ 
bacterial activity against bothgram 
(positive) and gram (negative) bac¬ 
teria. In man phanquone is effective 
in treating both acute and chronic 
infections. A dose of 10 mg/kg 
daily appears to be maximum, since 
larger doses may cause gastrointes¬ 
tinal symptoms and smaller doses 
produce a slower therapeutic res¬ 
ponse. This drug is ineffective in 
hepatic amoebiasis. It is reported 
that a combination of phanquone 


and iodochloro-hydroxyquin (Mexa^ 
form) is more effective against in¬ 
testinal amoebiasis than phanquone 
alone. 

Halo-acetamides 

2,2-dichloro, 4-hydroxy N-methyl 
-acetanilide (diloxamidc, S) was the 
most active amoebicide of this scries 
in rats and dogs but has low thera¬ 
peutic value in acute amoebic dy¬ 
sentery. p-(2, 2-dichloro-N-methyl 
acetamide') phenyl-2-furoate (dilox- 
amide furoate, T) proved to be out¬ 
standing in laboratory tests. It is 
approximately 10 times as potent as 
diloxanidc. Clinically diloxanide fur¬ 
oate is more effective than diloxamidc 
in the treatment of cyst passers and 
is considerably more effective in the 
treatment of amoebic dysentery. 

No drug has yet provided 
complete cure of amoebiasis and 
its total eradication is also not pos¬ 
sible. However, simultaneous use of 
two or more drugs brought about 
95% cure in cases of acute amoe¬ 
biasis of both types. Therefore, a 
drug combination therapy coupled 
with proper sanitary facilities and 
habits and care in handling of food 
prevent the transmission of the amoe¬ 
bae, but agamst the social and eco* 
nomic background of many tropical 
countries amoebic dysentery is un¬ 
likely to be eradicated for a long time* 

,S. Aziz Ahmad 
Post'Craductte Deptt. of Chemistry 
‘C. F. Col ley Cy RohilkhanU University 
DiSIt. Shahjnhanpuy {V,P.) 
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How animals make food 
for us 


Interestingly, the service of these 
"m(Jdlcmcn”is aided by lakhsoftiny 
microorganisms present in their 
alimentary tract. The non-ruminants 
or ‘simple-stomachcd* animals 
such as pigs, and poultry con¬ 
sume large quantities of grains and 
other concentrates. 

In adult ruminant, the reticule- 
rumen provides a favourable place 
lor the growth of microorganisms, 
mainly bacteria which can live under 
high acidity in the absence of oxygen 
and at a temperature of 39^C to 40X. 
Besides bacteria, various types of 
protozoa and yeasts are also present 
in appreciable amount. The bacteria 
in the rumen secrete enzymes which 
can degrade fodder, grass and other 
coarse fibrous feeds into edible nu- 


T HE food that we cal comprises 
plant and animal products. The 
animal products provide abundant 
sources of all known food nutrients. 
They are rich in high quality proteins 
and are superior to plant proteins 
for man because they are better ba¬ 
lanced in essential amino acids. 
Meat, milk and egg proteins are 
high in biological value and provide 
essential amino acids often deticienl 
in plant foods. Animal products also 
contribute to man’s needs for fats, 
carbohydrates, minerals, and vita¬ 
mins. 

All animals depend, directly or 
indirectly, upon plants for their sup¬ 
ply of nutrients. The animal body is 
a remarkable chemical laboratory 
in which genes guide metabolic pro¬ 
cesses and utilization of foods. The 
dig estive system of animals is de¬ 
signed in such a way that they can 
digest and utilize the foods normalls 
consumed by them. The stomach of 
ruminants, such as cows, buffaloes, 
consists of four compartments, vi 7 ., 
rumen, reticulum, omasum and ab¬ 
omasum (Fig. I), where microorga¬ 
nisms help in digesting cellulose and 
othercompoundsthat cannot be bro- 
kendown by the animal’s own digcs- 
tivccnzymcs.Thisenablesthemto uti 


trients. During the rumen fermenta- 
lize large quantities of forages—grass, lion , the carbohydrates are broken 

straw, etc. The ruminants are also down and ultimately volatile fatty 
able to degrade complex polysaccha- acids (VFA)such as acetic, propionic 
rides or structural carbohydrates of butyric, etc., are produced. These fatty 
coarse fibrous feeds, food wastes and acids are responsible for supplying 

agricultural byproducts, etc., into energy to the ruminants and fat syn- 

ediblc nutritious products for utiliza- thesis in milk, 

lion in their body. These animals A portion of VFA is also used by 
serve as ‘‘middlemen^’ in converting the rumen bacteria for synthesis of 

many plants (which cannot be uti- their own polysaccharides. These 

lized directly by man), agricultural bacteria utilize simple form of ni- 

and industrial byproducts, etc,, Irogen , such as urea, to synthesize 

into animal products uschil to man, their cellular proteins. The urea, 



Fig. 1. Dorsal sac of niman 



SCIENCE FOR THE YOUNG 


is hydrolysed in the rumen with 
the help of an enzyme secreted 
hy the micro-organisms into ammo¬ 
nia and carbon dioxide. Some part 
of this ammonia is used by the mi¬ 
cro-organisms for synthesis of amino- 
acids and proteins. The rumen micro¬ 
organisms ultimately pass into the 
abomasum and intestine» and are 
then digested by the host animat. 
The ruminants can also synthesize 
the essential amino acids and water- 
soluble vitamins of B group and fat- 
soluble vitamin K. The host animals 
therefore need not depend upon addi¬ 
tion of vitamins in their diet. 

The major portion of the diet of 
non-ruminants or simple-stomached 
animals like pig and poultry consist 
of agricultural byproducts of cereal 
grains, oil cakes, and animal bypro¬ 
ducts such as meat meal, bone meal, 
blood meal,fish meal, etc., as the 


How crystal 

might have seen a funnylook- 
ing glass bird in shop windows 
constantly dipping its head into a 


source of energy, protein and other 
nutrients. 

Poultry and pig can also digest 
small amounts of crude fibers and 
produce VFA in the lower part of 
the gut. (This generally occurs in 
caeca of birds and large intestine of 
pigs.) In addition they also synthe¬ 
size vitamin . Recent findings in¬ 
dicate that the intestinal bacteria of 
pigs are also capable of synthesizing 
most of the other vitamins of B com¬ 
plex. So we see how animals, both 
ruminants and non-ruminants, all 
derive their nutrients from plants or 
animal byproducts and convert them 
into edible R 1 for us. 

Kishore K. Baruah 
Dhamreswar Das 
College of Veterinary Science 
Assam Agricultural University 
Gauhati-781 {Assam) 


bird works 


highly volatile liquid such as ether, 
alcohol or freon and linaliy the 


whole system is sealed off. The bird 
is pivoted at P near the middle of the 
tube T. As the centre of giavity 
(C. G) of the system lies well below 
the pivot P the bird can swing freely. 

When the head H of the bird is 
dipped in water contained in a beaker 
or cup C and then taken out (Fig. 

1 b), water starts evaporating from the 
moist head H and cools it. This 
reduces the pressure of the volatile 
liquid inside the bulb H and as a 
result the liquid from belly B is 
forced up the tube T into the head. 
As the liquid rises up the tube, the 
C. G. of the system is shifted to a 
point above the pivot. It becomes 
unstable and the bird topples over. 
At this stage, the liquid ffows back to 
the belly because pressure iu both 
bulbs is equalised, and the system 
tries to regain its original stable 
equilibrium. You may notice that 
when the bird topples over, its head 
again dips in water. So when it be¬ 
comes upright again, the head cools 
and the whole cycle is repeated. 

The time between two successive 
dippings of the beak depends upon 
how fast the liquid rises up inside 
the tube and the rate of rise of liquid 
depends upon the rate of evaporation 
of water from the head. So, if the air 


cup of water. It creates a deceptive 
impression of being thirsty, drinking 
up the water continuously to quench 
its thirst. While the bird is in action, 
you might have noticed that its head 
first tumbles over, then the bird 
straightens out and finally sets itself 
into periodic oscillations. Have you 
ever wondered how it operates? 

The crystal bird forms a closed, 
airtight system consisting of two 
glass or plastic bulbs H and B serving 
respectively as the head and the 
belly connected by a tube T (Fig. 1 a). 
Fhc beak K of the bird is attached to 
head H and is covered with felt, a 
highly porous material capable of 
absorbing water. To make the bird, 
the two bulbs and the tube are ftrst 




evacuated, then B is filled with a 


Rig. Crystal bird (A), la oReration (B) 
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is dry, or if wc run a fan near the 
bird, or if we use alcohol or ether 
(which evaporate at a much faster 
rate than water) in the cup, the action 
of the bird can be speeded up. If it is 
covered in a glass case, the bird 
stops dipping after some time. This 
happens because the air inside the 
glass case soon becomes saturated 


with water vapour, and no further 
cooling of the head takes place. On 
removing the glass case, however, 
the crystal bird resumes its operation 
once again. 

B. K. Sharma 
Department of Physics 
Regional College o f Education 
Bhubaneswar-751007 {Orissa) 


Science quiz 


1. Hard waters have an excess of ; 

(i) hydrogen ions 

(ii) calcium and magnesium 

(iii) nitrogen 

(iv) sulphur 

2. Most abundant component of dry 
air is : 

(i) nitrogen 
^(ii) hydrogen 

(iii) oxygen 

(iv) carbon dioxide 

3. Carbohydrates are polymers of : 

(i) sugars 

(ii) amino acids 

(iii) fatly acids 

(iv) nucleic acids 

4. Cellulose is found in : 

(i) bacteria 

(ii) viruses 

(iii) some animals 

(iv) terrestrial plants 

5. Multicellular algae do not : 

(i) reproduce sexually 

(ii) have holdfast 

(iii) have a vascular system 

(iv) have a stipe 

6. Microscopic, single celled aquatic 


plants are called : 

(i) abyssal 

(ii) phytoplankton 

(iii) hypolimnion 

(iv) hydrophytes 

7. The light reactions of photosyn¬ 
thesis occur in the : 

(i) grana 

(ii) stroma 

(iii) outer membrane 

(iv) nucleic acid of the chloro- 
plast 

8. Heavy metals and long-lived pesti¬ 
cides are examples of .* 

(i) toxic pollutants 

(ii) waste products 

(iii) nutrient wastes 

(iv) both (i) and (iii) 

9. Eutrophication of a lake means, it 

(i) is low in nutrients 

(ii) is high in nutrients 

(iii) has a high temperature 

(iv) has excess amount of orga¬ 
nic matter. 

Arun Raghuwanshi 
Lecturer in Ecology and Genetics 
School of Biological Sciences 
Bhopal Uni versify y Bhopal-262026 


Brain teasers 


1. The mysterious page number 

My mathematician friend Rajni- 
kant has a fascination for celebra¬ 
ted works by great authors. Recently, 
he purchased a book that consists 
of four volumes. Each volume con¬ 
tains 500 pages. One day while going 
through the fourth volume, Rajni- 
kant was amazed to see that a 
particular page number possessed 
some interesting mathematical pro¬ 
perties. It was not only palindromic 
but remained unaltered when the 
page was seen upside down. More¬ 
over, when the page was placed in 
front of a mirror, the image of the 
page number was a replica of itself. 
Can you guess what the page number 
was? 

2 . Eggs and the basket 

A basket contains some white 
and some brown eggs. The 
total number of eggs in the basket 
is between one and five dozens. 
The white and the brown eggs are 
separately more than half a dozen in 
number. The number representing 
the eggs, when turned upside down, 
gives the product of the numbers of 
the white and the brown eggs. How 
many white and how many brown 
eggs are there in the basket? 

P. K, Mukherjee 
Physics Deptt, 
Deshbondhu College 
Kalkaji 
New Dclhi-110019 
(Answers on page 28) 
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FOR HER 

Why a foetus 
is not 

rejected by the 
mother 

^HE replacement of diseased 
^ organs by transplant of healthy 
tissues has long been an objective 
in medicine, but a serious problem 
in this method is the rejection of a 
graft tissue from the donor by the 
recipient. The ability of the body to 
recognise and combat with foreign 
materials (antigens) is known as 
‘immunity*. An antigen can provoke 
two types of immune response. 
Firstly, a particular type of proteins 
known as ^humoral antibodies* can 
be formed which are released into 
the blood stream to combat with 
antigens. The second type is the 
release of sensitized cells called 
*small lymphocytes’ which are effec¬ 
tors themselves. Their formation 
takes place in the lymphatic system 
of the body. It is the small lympho¬ 
cytes that reject graft by infiltrating 
the donor’s tissue and utlimately 
destroy alien cells. When an organ 
[ from one individual is transferred 
to another of the same species the 
graft is known as an ‘allograft*. 

The immune tesponses havt a 
genetic basis. One genetic region in 
the chromosomes of the hii::hcr 


vertebrates known as the ‘major 
histocompatibility complex’ (MHC) 
exerts a profound influence upon 
rejection of grafts by controlling the 
synthesis of antigens in the donor 
organ which can provoke severe 
immune responses in the recipient. 
This will not happen in the case of 
identical twins or animals of closely- 
bred strains which incidentally pos¬ 
sess similar antigen producing genes 
and therefore no immune response 
is possible. The MHC consists of 
H=gene8 known as H-loci. 

The fetas as an allograft 

An embryo, which is formed by 
the union of father’s sperm and 
mother’s ovum, inherits half the 
genes from the mother and half 
from the father. Therefore it is 
genetically distinct from each 
parent. After the emrbyo gets im¬ 
planted inside the mother’s womb, 
it is in intimate contact with the 
parent’s tissue. At this stage, it may 
be regarded as an allograft. Surpri¬ 
singly, reproduction seems to be a 
perennial success. How is it that 
this allograft is not rejected by the 
mother 7 

There are several possibilities 
which may be considered. The fetus 
might be protected by half the genes 
that it has inherited ft-om the 
mother. Had this been true, a 
mother’s organ transplanted in the 
fetus of an organ transplanted from 
the fetus to the mother would not 
to rejected. But frequently sons 
reject mother’s organ. By inheriting 
h^f the genes from the mother and 
half from the father, the fetus has 
an entirely different MHC from the 
mother. It has different transplan¬ 
tation antigens which can induce 
immune responses in the mother 
leading ultimately to embryo rejec¬ 
tion. 

The second possibility is that 
the uterus may be an immunologi- 
cally priviledged site, that is, it is 
somehow protected from immuno- 
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logical reactions like the brain and 
the anterior chamber of the eye 
which can retain allografts for quite 
a long time. These sites have in 
common a paucity of draining lym¬ 
phatic vessels. Therefore the tissue 
grafted to them is not destroyed 
quickly. Antigenic material is not 
transported to the lymph nodes and 
sensitized lymphocytes are therefore 
not produced. It has been observed 
that uterus is well supplied with 
lymph vessels and antigenic mate¬ 
rials released into uterine allografts 
do reach them and provoke immu¬ 
nological responses. 

Another possibility is that the 
mother might be inert to fetal 
tissues. But this is not the case as 
is shown by the incompatibility of 
the Rh factors (rhesus factor). This 
factor is an antigen which is present 
in the red blood cells of many 
human beings. They are called Rh'*' 
while those who lack the factor are 
known as Rh*. When the mother is 
Rh* and bears a child which is Rh"^ 
by inheriting the gene, determining 
the factor from the father, then the 
fetal erythrocytes migrating through 
the placenta (an organ formed to 
supply nourishment from the mother 
to the fetus) will provoke production 
of antibodies to them in the mother. 
These antibodies in turn would 
cross the placenta, reach the fetus 
and destroy foetal red blood cells cau¬ 
sing a fatal illness. 

(Continued on page 13) 






TEOMIMIHIY H« VIUIIES 

Technology for 
walnut processing 


walnut processing technology 
^ developed and tried out success- 
f\illy by Central Food TechnologicaJ 
Research Institute (CFTRI), 
Mysore during the last three 
seasons modernises time consuming 
traditional operation and improves 
the quality of walnuts. This can help 
boost export of walnuts. India 
ranks fitth among walnut growing 
countries and exports around 8,000 
tonnes of walnuts annually valued at 
Rs. 30 millions. 

There is scope for stepping up 
export if the quality of dried walnuts 
are upgraded by improving and 
modernising the traditional process¬ 
ing techniques. 

In traditional techniques, green 
walnuts, soon after harvest, are heap¬ 
ed in the open in ?-00 500 kg. lots, 
covered with walnut leaves and 
periodically sprayed with water to 
prevent any possible dehydration. 
After about seven days, they are hull¬ 
ed manually by cracking with small 
stones or mallets; the split hull is 
separated by hand. The dehulled nuts 
are washed in streams and later sun- 
dried for 7-8 days. In these operations, 
large black spots and dark colour 
develop in the kernels and shells 
which fetches low prices in 
international markets. These defects 
have been overcome in the CFTRI 
technology. 

SClBf^i£L€9HiK> 


In the CFTRI process, freshly 
harvested green walnuts are first 
conditioned to loosen the husk by 
stacking them in Large woodra trays, 
measuring 1 m x 2 m x 0.3 m with 
wooden grate bottom and covered 
by polyethylene sheets with punched 
holes for aeration for 4-6 days. Yhc 
trays, each of which can hold about 
200 kg of walnuts, can be placed 
either outdoors or indoors. 

The conditioned walnuts are 
mechanically dehulled in a machine 
powered by a 0.5 H. P. motor which 
can process 500-600 kg. of green 
walnuts/hour with the help of a 
single operator for picking out hulls. 


A manually operated washing 
machine and an electric powered wash¬ 
ing machine have been developed and 
standardized for washing dehulled 
walnuts; they are then dried in a bin 
drier with a capacity of 500 Kg/ 
batch. The drying time has been 
reduced from 7-8 days to about three 
days where the air temperature is 
maintained at 38-40 C. A three stage 
drier with brick construction has 
also been developed. 

A model plant for processing one 
tonne of green walnuts/day involves 
an initial investment of Rs. 25,000/- 
and a recurring expenditure of Rs. 
8,000-10,(X)0. 


Protection of foodgrains 


P ROTECTION of stored food- 
grains from ravages of insects, 
rodents and microorganisms has been 
an important research activity 
in CFTRI. 

Methods of grain storage evolved 
by CFTRI are being adopted by both 
private and public sector organisa¬ 
tions to minimise food losses. 
Over 30 pest-control service organi¬ 
sations are now operating in the 
country with the help of technology, 
consultancy services, and training 
provided by the Institute. 

For protecting commercial stocks 
of foodgrains stored in warehouses, 
CFTRI’s Durofumc Process of fumi¬ 
gation which destroys insect pests 
at every' stage of development and 
prevents fresh infestation, has pro¬ 
ved economic and successful. 

Sample small scale fumigation 
methods have been developed 
and demonstrated to destroy 
insects that live on cereals, pulses 
and seeds stored in containers such 
as mud pots, metal vessels, card¬ 
board boxes and tin cans. The 
frimigants are formulated as tab¬ 


lets, sticks and ampoules for con¬ 
venient use in different situations. 
They can also be used effectively to 
disinfest grains stored in compara 
tively bigger containers such as 
polethene bin, metal bins, indoor 
plywood structures and under¬ 
ground pits. 

Even after fumigation, bagged 
commodities can be attacked by 
fresh batches of insects from out¬ 
side. This can be prevented by 
insect-proofing of jute bags, in 
which grains are usually stored, 
with specially formulated emulsions 
using an easily fabricated and 
operated machine that can treat 
400 bags per hour at a cost of 30 
paise per bag. Several rural coope¬ 
ratives and regulated.markets have 
been using this technique for the 
past few years. 

Different types of small scale 
storage structures made of clay^ 
plywood, plastic, fcrrocement, 
metal and RVC have been evolved 
by the Institute in collaboration with 
other research institutions in the 
(Continued an pdge 71) 
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Science 

in 

industry 


Electronic instru 
mentation for 
sugar industry 


T1NDER agrant-in-aidprojectfund- 
^ ed by the Department of Electro¬ 
nics forthedevelopmentof electronic 
process control instrumentation for 
sugar industry, the Central Electro¬ 
nics Engineering Research Institute 
.(CEERl), Pilani, has developed elec¬ 
tronic control instrumentation for 
two of the most critical stages in the 
sugar industry, sviz., juice clarifica¬ 
tion and pan boiling. The National 
Sugar Institute, Kanpur, is paying 
attention to the sugar technology 
aspects and coordinating the testing 
of the instrumentation in some 
commercial sugar factories. 

In the juice clarideation stage, the 
automatic liming and pH control 
instrumentation continuously senses 
the pH of the sulphited juice and 
controls automatically the rate of 
flow of milk of lime so as to keep 
the pH close to an optimum set 
value for clarification of juice. Field 
trials of the prototype units in some 
commercial sugar factories have 
shown that the control system mai¬ 
ntains the pH with an accuracy far 
exceeding that in manual control 
(7,0 ±0.15 vs 7.0±0.8). 


Such an accurate control of pH 
on sulphited juice indicated: (i) 
improvement in mud settling rates; 

(ii) reduction in CaO and MgO con¬ 
tents in the clarified juice; and 

(iii) rise in the pol content in theclari- 
fied juice. This is also expected to in¬ 
directly help in reducing the tosses 
due to inversion. 

Another important process stage 
where control instrumentation finds 
a very wide application is the vacuum 
pan boiling stage. One requires to 
monitor continuously the degree of 
supersaturation of the mother liquor 
and to assess the various critical 
stages in the pan boiling, viz., 
seeding, hardening, thinning and 
final pan dropping, and thereby con¬ 
trol the boiling of the strike by 
regulating the feed of molasses/water. 
CEERl has developed an instrument, 
named Panometer, which monitors 
the ac resistivity of the boiling sugar 
massecuite in the pan. This is directly 
related to the degree of supersatura¬ 
tion of the mother liquor. 

Field trials of prototype units of 
both instruments in some commercial 
sugar factories have indicated im¬ 
provements in fuel economy (by 
reducing the boiling period by about 
25%), uniformity in crystal size, and 
reduction in sugar losses. 

Workshop 

The laboratory organized a w ork- 
shop on ‘Electronic process control 
instrumentation for sugar industry* 
during 21-25 September 1979 at 
Pilani. 

Laboratory demonstrations on 
(i) digital set-point proportional con¬ 
troller; (ii) automatic liming and pH 
control system; and (iii) panometer 
were arranged for the delegates. 

The delegates deliberated on the 
role of electronic process control 
instrumentation and systems, parti¬ 
cularly in the sugar industry, and 
identified the following areas in which 
instrumentation would be valu¬ 
able: (i) automatic lime feed control 


for juice clarification; (ii) pan boij. 
ing system (graining and masaecuiu 
bpliing); and (iii) vacuum evaponb 
tors. 

The workshop felt that electronit 
instrumentation was also desirableio 
the following areas: (i) electroriK 
weighing system’ for juice, cut-canc 
and bag^se using a belt Conveyoui 
weighing system; (ii) automatic con 
trol of sulphur dioxide; (iii) juice floM 
control: (iv) vapour line juice heatci 
(temperature); (v) treated juice hcatei 
(temperature); (iv) clear juice heatei 
(temperature); (vii) crystallizers (tem¬ 
perature); (viii) sulphur burner (tem¬ 
perature) ; (ix) mill drives (solid state 
ac drives); (x) cane carrier (solic 
state ac drive, for autocane) 
(xi) centrifuges (variable speed solic 
state ac drives); (xii) steam (flow); 
and (xiii) boiler feed water control 
(pH) conductivity. 

There was a suggestion that recor¬ 
ders or digital printout systems ma) 
be introduced for recording the criti¬ 
cal variables such as temperature, 
brix, flow, and pH. 

The representatives of the sugar 
industry and the experts in the field 
also suggested that: (1) The possi¬ 
bility of introducing low-cost in¬ 
strumentation in the Khandsari sugar 
factories ^ould be explored; and 
(2) Hand-operated mechanical scra¬ 
pers (semi-automatic type) should be 
used for scooping out the pulp after 
slitting the cane into two halves so 
as to achieve effective saving of 
energy in Crushing, milling, etc., and 
better clarification efficiency. , 


CGCRI develops 
glass ceramics 

T he Central Glass & Ceramic 
Researdt Institute (CGCRI)} Cal¬ 
cutta, has developed, on laboratory 
{Ccntimied en pi^ 7J) 





BOOK REVIEWS 


8IOLOG1CAL IDEAS IN POU- 
TICS by W. J. M« Mackenzie, 
Penguin Buoks^ Hannondsworth, 
Middlesex, England (Indian Agents: 
Penguin Overseas Ltd^, 706, Eros 
Apt, 56 Ndim Place, New Delhi- 
110024), Pp. 93,90p. 

I N recent years behavioural scien¬ 
ces have become extremely im¬ 
portant and connect both natural 
sciences and social sdences. Adapti¬ 
vity, which is nature*s most important 
principle for the successful survival 
of living organums, has been ex¬ 
tensively exploited by political scienti¬ 
sts, sociologists, and philosophers, 
and Mackenzie*! book under 
review is ^a t well qualified essay on 
political adaptivity. Man—a rational 
thinker and an integral part of 
nature and subject to dbance like 
other living cfpatures*-has undergone 
repeated selection procedure by 
nature and become extncmely success¬ 
ful for his advantage. the crucial 
and controversial point ^is raised 
whether his success is due h> biologi- 
cal adaptation or social adaptibifity. 
The concept pf Social Darwinism is 
being pursued to envisage the success¬ 
ful establishment of man and the 
imf^cations of this doctrine is analy¬ 
zed 'by philosophm, sodoiogists, 
political' sciendsts, anthropologists 
and bioh^ists.^ 

The book has bem divided into 
six duqiim induding 
Tim Nataiid,Hisloiiy of Maa^^ 
thpdbsy; Tim Critica; of 

OrawA; The Qoioe of Fhturesand 
^ Adaptivity. There 
is a gopl aq^ipt nraamg into five 
PVA Tlioiiiat SzaagTs pThc Setxmd 


Sin) ideology theanimalkingdom 
rule is. eat or be eaten; inJ^ human 
kingdom, define or be defined** is 
apparently fairly well traced through 
the course of discussion and forms 
a framework, for the possibility of 
social adaptivity concurrent with 
biological adaptivity. The author, 
a well-koowu political and behaviou¬ 
ral scientist, has successfiiUy tried to 
weave the concepts from several 
classics, for example Walter Bagehot*s 
Physics and Politics, Graham Wallas* 
Human Native in Politics, Eliot 
Howard*8 Territory in Bird Life, 
Richard Dawkins* The Selfish Gene 
and James Watson*s Double Helix, 
The reader is thus simultaneously 
exposed to multiple concepts of ada¬ 
ptivity converged to a single write up 
and the interpretations followed can 
be well judged. 

The book is handy and the text, 
though interesting, is at times difficult 
for its rhetoric and style. Nevertheless, 
it forms an informatsvjB text for a 
common man and also for a specia¬ 
list. 

KesHav Trehan 

A TEXTBOOK OF APPLIED 
CHEMISTRY For Home Science and 
Other Sciences by Thankamma Jacob 
Macmillan Co, of India Lid., 2/10 
Ansari Road, Daryaganj, Delhi- 
110002, 1978, Pp. xiv+415, 

Rs. 25.00. 

'C'VEN in this twentieth century, 
^ it is surprising how few of us, 
even among the educated, are aware 
of the multifarious role that chemis¬ 
try plays in our day-to-day life. Be 
it si^ie cosmetics, drugs, dothings, 
ftiel, food or the host of plastics, 
alloys and things that we use duly— 
Ussy are etther chmnicals ttaemselves 
orproducmofsomedminkal process. 
But oafoitonatciy nM mssy bocks 
are available which can gpide the 
cemunon man in this pmtter. Mart 
textbooks of clienustry fail to 
,|Mghli|^t the practied aap^qf lhe 


subject, being confined to the acade¬ 
mic $id^—such as preparation, pro¬ 
perties and uses of chemical .substa¬ 
nces and so on. The result is that most 
students look upon chemistry as a 
drab, uninteresting subject—one that 
is only equations to be crammed. 
On the other hand, we find consu¬ 
mers and housev I ves, even the educa¬ 
ted among them, totally ignorant of 
even the simplest facts about things 
like cooking gas, synthetic fibres, 
medicines, food products^ cosmetics, 
to nanie a few; Thankamma Jacob’s 
book amply fills the gap. It provides 
in a ressonably compact yet lucid 
form the chemistry of the various 
itenis of daily use and at the same 
time tells us about their applications 
in everyday life. 

The field covered in this single 
volume is surprisingly vast—ranging 
from common drugs, essential^ oils, 
perfumes, flavours, cosmetics, and 
household fuels to metals, plastics, 
pesticides, food and envuonmental 
pollution. Each one of its fifteen 
chapters covers some aspect of appli¬ 
ed chemistry in our daily living and 
suggests ways for proper selection 
and safe use of things like meditiues, 
cosmetics, utensils, textiles, pesticides, 
etc. Over 65 Tables (including 10 in 
the Appendix) give useful Ihcts and 
figures about various items of comnum 
use—domestic fuels, metals, alloys, 
plastics, synthetic fibres, textile dyes, 
pesticides, common food toxins, effe¬ 
cts of impurities in water, and many 
more. There is a separate chapter on 
*‘fire prevention and protection in 
homes** which gives useful tips for 
extinguishing various types of minor 
fires at home. Wherever possible, 
drawing upon her own experience, 
the author makes critical evahialaoii 
of various marketed consumer pro¬ 
ducts which Aould be wdcomed not 
only by the student but by any consu¬ 
mer. These is a Mmpiehen^ 
for qui^ referc 

Considpriiig the copletMbi ctf Ae 
book, 1 feel its title is a Ut midaid- 
Jng. It is unlike any canary 



book** «« com* aeron in the bodt* 
tlMfk. It i» more a pf>piilar hnndbcKriE, 
w ri t te a in a style that shonU be 
naderstandaMe to any iittdfifent 
reader. Tboogh meant baskaily for 
students of home scienee, the book 
wilt be a valuable guide for anyone 
adio wants to be wdl-infomied. 

Biman Basv 

TME INTEmETAIlON OF 
QVAIWrAL BESrONSES W 
BKAOGY by P. S. Hewlett and 
B. L. Plackett* Edward Arnold 
(faUbhen) Ltd.^ London (Avail¬ 
able in India at B. /. PuMeadom 
3S^ Dr. D. N. Road, Bombay- 
4000}^. PlK 82, X 3.95. 

A scientist gives a particular quan¬ 
tity of a pmsonons drug to 
a mouse and is interested to know 
adiedier the mouse is dead or alive 
(and not any quantifiabk effect). 
He is said to be looking into a 
quantal respw ac . 

The boede under review is about 
the statistical analysis of the type 
reHKmses on organisms. The authors 
start with a discussion of a typical 
do se -r es ponse curve. This curve has 
been empiricalty observed to be simi¬ 
lar to the cumulative lognormal 
distribution function. With fois foct 
in mind the autikors devekq> the theory 
of standard Probit (short for 
probability unit) transformation. A 
separate chapter is devoted to the 
caJculatioos in Prottit analysis. 

Attimesah>g-doae-re^>onse curve 
can be better iqiproximated by the. 
cunmlative logistic distribution func¬ 
tion. For this case the authors elii- 
cidnle the theory of standard Logit 
transformation akmg with the practi¬ 
cal calculations invoved in the Logit 
an^lysia.- 

Sometimes, a mixture of dn^ 
is nd a sin i ste i ed to an orgmusm. The 
djfftirrnt <bngs affect the organism 
loindy, addiliv^ or otherwise. A 
dmpmr is devcAed to the stotty of 
a variety of ■»***“»■—*kal modeis 


involvin g - tim mtasuicmcitl * of the IhafMfomnnldsnf'lkssuh- 

joint effects. These asodels are rarity jcct,**Enctyy CcnvsisiBnr.lt n m nwil 
tackled hi the borito on bios t atistics serve as a texl bo(A on the mil#M 
because tiMir complex structures, for the tmiirrgraduatr mrritiailia. Ii 
In tikis context a special mention mast foBtmhi the oosrtcmporary syipraiicl 
be made of the asodels based on foe and is a mekame addWmi to foi 


dm|p>reoeptor theory whkk have been 
eleg an t l y fommisted in the bocA. 

Another eutslanding feature of 
the bo<fo is the analysis of quantal 
resikonaes in heterogeneous popo- 
lations. Scientists erften encou n ter 
grostys of geneticaBy different insects* 
some of which are highly resMtant to 
an insecticide and some quite soscep- 
tiMe. The statistical toob necessary 
fw such analysis have been indicated 
in tile book. 

When the time lag “b e twee n dn^ 
ging and re s pons e d ec r e a s es with in- 
creases in doses, time becomes an 
important variable. A tnief sketfo 
of time-reqmnse theory is followed 
by a foort discussion of the link 
between the quantal and graded 
(quantifiaMe) responses. 

The only drawback of the book 
is that the intuitive explanatkms of 
the concepts tend to te short and 
sketchy. These exfdanations are 
follow^ by precise formulation of 
the concepts for mathematically in¬ 
clined readers. The nioely produced 
paper-back is amiriy endowed with 
diagrams and taUm wherever neces¬ 
sary. So, the book is useful fora wi^ 
range of sdeittists, including the birdo- 
gists designing experiments in labora¬ 
tories and the statisticians interested 
in developing tiie tools further. 

RAViNiNtA R. Ranaob 


AN DflRODtJCTIONTO ENERGY 
CONVERSION V<H» O— EI«R- 
GY CONVERSHON CYCLE; 
VOL. lO—TURROMACHlNERYty 
V. Kadambi and Masufoar Prasad* 
tniey EasHm UmBed, AB-8, Safdar- 
jang Endave, New DcQu-l 10016 
Pp. 312. 
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of the 3-v(dume set 
in a coi^rehouivu 


mdigenous text books on tq^neer 
hig subjects. 

R is commendable on the port d 
tim aufoors to present the subject n 
a stnqple and generafiaed perspective 
UnISce foe conventional texts ce 
*]ieat Enijnes** the book lays moR 
stress on duci^tion oS basic pria- 
ci|des witimut getting b o gg e d dows 
at tywcific handworic. The opmini 
chapter coittains an inletcstidg resn- 
aee iff the indigenoos energy sonioes 
The general p ri n c i|dcs of ther- 
nml energy rdease, indnfonj 
combustion and nuclear reactions an 
given. The rest of the boiA is devo 
ted to the presentation of importani 
characteristics and appUcatiem ol 
various enmgy conversion cydes 
Sufficient number of well selecteii 
proUems are also given. If the treat¬ 
ment had been more rigorous ii 
would have been an useftiltextboiA. 

Like the ffrst two vednmes, tiu 
third one deals cw n ptehensivd) 
with various types of turbcmiachines 
The autiiors have made a commenda- 
Me effort to present in a unfoed and 
coherent manner the basic tike<n> 
and guidiiv imnciples of the apparen¬ 
tly diverse types iff turbo -type energ) 
c on ve r sion devices. 

Various applicatiims of turboma- 
diinery, such as steam and gas tur¬ 
bines, centrifugal and axial foU: 
flowers and co mpr es s ors, hydraalii 
pumps and turbines, etc., have been 
given. The inaxe of specific hmdwarc 
details has been avoided. However, 
number of rekvant problenu 
have been solved to iOustmte the 
apfdication of tiie acoonqpaag^ 
theory. Along with-the efher two 
vedomo* tins vohune wiB be idp- 
fill in updating and i mp r o vi ng ^ 
qnafoy of teafoini of energy con- 

Ram Hmatan 


1 . 



KSNGK 


YV PinM wd Manift 
til, E tm tfi Amdit 41 , MMII 
SvHn, Loadoa, WC 1 » 3 DQ, 
Fng^-* Pj^ liS^ £ 3.95 
2.M0MiM tl WC i AMI 
QUAMlIAf MK1UMC8 hy 


\Clc(.W 

ng abovcDt 

1^ 2M».IU. |5|U ud Kc. 15.SQ 

O, P. 

P.lw 


B.E.Aiidenoo.ir«M(ffa)iC^.i< No. <2, lfeent-23BQ01, P^^ 2S4» 

didtoi 2/ldk Amri toad. Neo ft*. ISJO 

Delhi-110002, P|p. 430^ Rb. 24.7S. S. IBXT ROOK OP AUGtlRA, 


UBBOBraHp ni9BOK VjQBNHnDCt 

U oi v cnity of RoaBbiqr* Tlod '' 
tilrair JMI MIL C». LdU (12/0^ 
AbbT Afi Road, 3tdFloor, Neir 
DeOd-llOOQO) Pp. 176, Rs. 1S.00 
AN OUnODDClION 10 
AMMALBCXIUlGir 49* H. R. 
Snuh, S. M«*i Af Cb., 6-U. B. 
■aiWilow Road, Della-110007 
Pp. 20S, R«. 10.00 


8CIBNCB IN INDUSTRY {Cmdmedfimtp^^ 

tale, a tranepaicat gbee-oenBiice Thenaal wyiialiififioo ofthegiaaB 
wludi has aero thermal eapansioa 


whfaiB the te mpen iUi r e laage 20- 
3Q0*C. The glass is firom high silica 
regioaofLi/>-AI/>-SiO| astern with 
minor amounts of alkali oxides, 
no^aad 2LrCV On meltiag,the glass 
becomes transpaicat and pale amber 
in colour with a oocflicieat of ther* 
mal mvaasion of 40-00 x 10-*/*C. 


within the tai^e of TOOOSirC yiel¬ 
ded idtra hNv-capansion (dbl-OX 
10-* betweeu20rCaiid.Wt:)tfaiis- 
pareat glass twsmirs The ^aas- 
ceramics has faeta-ouaitx solid solu- 
tioa type ctysbds. The ciystals are 
smaller ttaa dm waveieogth ofthe 
visible light aud have low U-refting- 
gence. The diffesunee besreen the 


reftactivs iadex of the residual glass 
in the glam wramifit and that of the 
csystab is veiy small. 

This type of transparent gfauts- 
ceramios wHh aero thermal expan¬ 
sion is suitable for making minors for 
astronomical reflecting teles co p es. 
This ^ass-oeramios can be used with 
adwaatage as an image intensifier in 
passive devices employed in defience. 
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cm s uii y, spef iflc aBy Aar ittiuial 

A lanethr for the atoiage piob- 
leam pefulfar to hjgh^ humid sweas 
such as moislu t a absorption, loss 
of tpiaHty* Assigid growth, and 
■■ycoioain developsncsst is a baBoo- 

fbr storage of 



qoe is new bciag widely adapted 
The I nsi itute is also wotkiag oa 
aon^oak graia protectants to des¬ 
troy stored product pests ssithout 

to CSV CsodsUdEb mid to cosstsol 
techniqne based on Ihmigaiinn of 


tat burrows, and combisod use of 
samel rep fllr ul s > _ 

seleetiwe improvi^ poisoned baits 
has been suggested for Iceqiiog the 
lodeat populatioia' antder conttoL 
OTRt has been sanderiag tech¬ 
nical services to p esticid a and flind-^^ 

on bioefficietNy^ a^gty to 







Assured availability of 



We have been supplying MEG (Monoethylene Glycol) to manufacturers 
of polyester staple fibre, filament yarn, resins and explosives, in road 
tarAers from Vadodara. With improved production we are now in a 
position to supply to other users also. 

To bring MEG to your door step, supplies have been comrrtertced from 
our regional offices in barrels. 

Now IPCL assures regular users of MEG regular supplies (by road 
tankers or in barrels)., 

Please get in touch with your nearest iPCL office at the following-addresses: 

Mr-ln<Ua SitiMina. Ittb Floor. Nariman Point. Bombay 400 021. Phonaa : 2S147S. 2S17St, 
Oram: PETCOMPLEX. Talaii: (nl-47S4a Balia Ram Building, 70 Mlaalon Road. BaliaaloiaaoOSXyi 
Phona: TSOII.Qram: INOPETRO.Taloa: 0S4S-74O• *li|nalaya Hoiiaa.2nd Floor.23 KaaMpba Oandhi 
Marg. Nawr Dalhi 110 001. Phonaa: 40S11 Oram: DELPETRO. Talax; 031-317S ■ Chattarjaa Intar- 
nBtipnal Cantr*. 3rd floor, 33*A, ChoWrinohoo Road. Caleutta 700 071. Phonoi: 219t1d. 2123tiw 
244532. 248520. Gram: CALPETRO. Talax: 021-2104 ■ C137 Patrochamioala TovimalifB--SaMr M* 
P.O. Patfochamicala. Vadodara 351 345* Phona: 7441-4, 7774. Talax: 0175-384 Of 388 


IPCXThefelioble source of MEG. 
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The Agfa Isoly-ll gets every 
detail of a landscape or 
a temple. Close the aperture 
down to f/22 to get the 
greatest possible depth of 
held. Set the shutter speed 
at 1/100 second and the 
distance at infinity. Use slow 
film for greater sharpness— 
125 ASA. The result? 

A picture where every detail 
—from 10 ft. to as far as the 
eye can see— is perfect. 


The Agfa Isoly-Il is a great 
ail-round camera. You simply 
adjust settings, di.stance and 
film to freeze a sports scene, 
get close enough to snap 
a leopard snarling or take 
a perfect picture in dim, 
soft light. 

The Agfa Isoly-II is built to 
German specifications and 
undergoes over 100 exactina 
tests. 


See this fine camera today at 
your friendly Agfa-Gevaert 
dealer. 



Oibinbutors 

AGFA-GEVAERT INDIA LIMITED 

Branches Bombay • New Delhi 
CalcutlR • Madras 

(§)R0Oistored Trademark of Agfa-Gevaert, 
Antwerp Leverkusen Manufacturers of 
Photographic Products 
























R^iftotered with Regist rar of Newspapers : R>N. 7440/64 


REACHING FOR PERFECTKMV. 

REACHING FOR AN ACCUMEASURES VERNIER CAUPER 


'precision to the 


Jaws 

Qraduations 


Accumeasuret Vernier Calipers embody 
last micron.' They are 100'‘„ accurate. 

Manufactured by Accumeasures Punjab Limited, m tech, 
nical collaboration with P>E Consulting Group.of London, 
t^e impeccable quality Accumeasures Vernier Calipers in. 
corporate important features : 

- Construction : All Stainless steel. Hardened and sta - 
bilized beam.AII sliding surfaces precision 
ground. 

Precision ground and lapped 

Imported Swiss glass masters and an 
ultra-modern photo-etching technology, 
under controlled temperature conditions, 
combine to provide the ultimate in 
marking accuracy. Sharp, uniform, jet 
black markings, on a satin chrome, 
no-glare surface. 

Both inch and metric. 

To the user on the factory floor.the Accumeasures Vernier 
Caliper gives proper performance over an extra long life¬ 
span. Por him, it ensures perfection in his job. 

Accumeasures also manufacture Micrometers. Vernier 
Height Gauges, Screw Plug Gauges. 


Accumeasures and accuracy nano in nano. 


Markings 




Accumeasufts 

S-n, Hiast VIL t.A.S. N«|w, Mohali, SHniiS 
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BONDS OF 
PROSPERITY 

On this 30th anniversary of our Republic, we march with 
firm determination and redoubled zeal towards our avowed goal 
—a better tomorrow for all our citizens. 

Let us join hands. Invest in National Savings. This is an 
opportunity to serve the country, while your savings swell. More than 
5 crore people from all walks of life have already shown the way. 

National Savings schemes help you build capital assets or 
provide for yourself a regular recurring income, with tax concessions. 



LEITZ HIGH-PERFORMANCE SCANNING 
ELECTRON MICROSCOPE MODEL I600T 




Only Saummg Electron Microscope with turbo molecular pump system as standard outfit for 
clean v acuum. 

— Accepts all detecting analysing systems. a ■ 

- Only scanning Electron Miermwope without water.cooUng and need of pr^u^ tur. 

- Only Scanning Electron Microscope of German Production built under German 

Industrial Standards (DIN). ^ 

— Only Scanning Electron Mici-oscope with ± 90 tilt. 

— Two big display scopes for comparisons of two images. 

- High resohition 25(K) line record scope with LEICA or hnhof film back. 

PROMPT AFTER SALES SERVICE IS OUR SPECIALITY. 

For further details please write to : 

THF SCIENTIFIC INSTRUMENT COMPANY LIMITED 
1 Allahabad. Bombay. Calcutta. Ntadra., New Delhi. Ahmcdabad. 

Bangalore, Hyderabad. Gauhati. Lucknow. Kanpur, Jabalpur. 

. Heiid Office : 

6, Tej Bahadur Sapru Road, Allahabad-211 001 
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• SOENCE REPORTER welcomes articles of absorbing interest on science and technology. Contributions 
published in the Journal will be paid for. 

H Articles .should be sent to the Editor, SCIENCE REPORTER, CSIR, Rafi Marg, New Delhi-110001. 

• The form and manner of presentation of the subject should be easily understandable to the undergraduate 
level. 

• The length of the article, written exclusively for the Journal, may be about 2500 wonLs. 

• The matter should be typewritten, double space on one side of the paper; the original and a carbon copy 
are to be sent. 

• The article should preferably be illustrated; captions and legends typed separately and attached at the end of 
the article. Photographs should be on glossy paper 

• While quoting names of scientists, etc., their initials, nationalities and periods of research under reference 
should invariably be mentioned. All weights and measures should he given in Metric Units. 

• A short note aboyt the contributor should also accompany the article. The note should contain age, 
academic accomplishments, important assignments held, fields of research and hobbies. 

• Articles or illustrations published in the Journal can be reproduced with permission of the Editor. 

• The Editor reserves the right to reject even invited articles without assigning any reason. 
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Gorilla food for people : a fantasy ? 

Sir, This letter is not intended as 
a scientific contribution but may add 
a colourful human angle. I have had 
many enjoyable hours reading S.R. 
ever since I discovered it in our 
University library a year or so ago, 
though it arrives months late. Many 
things ill it cause me to exclaim 
“Wow ! 1 never knew that was so. 
How interesting 1 Commend the 
work you are doing in popularising 
science, especially to a mass (1 hope) 
Third World audience. 1 am especi¬ 
ally interested in articles which try 
to discover or illuminate the scienti¬ 
fic basis of traditional cultural 
practices of peoples, m contrast to 
trying to keep up with the latest 
dazzling and sophisticated gadgetry 
produced by western technology, 
though 1 do a bit of that too. 

In this letter I will make a whimsi¬ 
cal comment on the article Food 
habits of mountain gorilla {S.R,, 
October 1978), and especially on 
the “Mufumba” plant. I happen to 
come from a village in the mountains 
of which the article speaks, and am 
rather familiar with the plant. Not 
from scientific studies, which 1 have 
not done, but from having grown up 
with it as a goat-boy and rather 
thirsty and hungry school-boy. 

The author speculates that “the 
stalks of Mufumba may (italics mine) 
be edible.” I confirm that the stalks 
are indeed edible, as I have eaten 
them. The sample shown in the 
picture is too old and so not juicy 
enough, but, if you are really thirsty 


you may cat it. However, the perfect 
gourmet sample is the young, fleshy, 
tender and delicate sapling (may be 
only 30cm high). You pluck it, strip 
the bark off (if you are finicky or 
not too thirsty) because that is where 
the sourest taste is; then you chew 
it and swallow every thing, enjoying 
the sharp refreshing juices. As kids 
we could never have enough of it, 
though adults scoff at it, as they do 
at many wild-growing but delicious 
knickknacks. Of course education 
based on proper scientific knowledge 
of the benefits would change such 
attitudes. 

I know two types of Mufumba 
myself. The one pictured in the article 
has a hollow stem, akin to bamboo 
or castor plant. The other, also quite 
edible, has thin, pointed leaves and 
a fleshy, non-tubular stem. The 
imaginative uses of which Mufumba 
is or might be put to are fascinating. 
I will be interested to hear of the 
progress made in this area. 

Alex R. Tindimubona 
Deptt. of Chemistry 
University of Alberta 
Edmonton, Canada 


Mt. Everest 

Sir, In News & Notes {Geography 
of Venus) of S.R., Sept. 1979, R. K. 
Datta mentions the height of Mount 
Everest as 8708 m. A children’s book 
of geography gives the height as 
8848 metres. Collins New Gem Dio 
tionary (pocket-size) gives the height 
of Mount Everest as 29,141 feet. 
Calculating we get the height of 
Mount Everest as 8882.17 m approx. 
Kindly enlighten me as to which 
figure is correct. Incidentally, readers 
of S.R. accept the figures and facts 
reported therein as correct in com¬ 
parison to other sources which may 
be out of date. Please ensure that 
figures given by contributors are 
thorougUy rcchcckcd by your staff so 
that credibility of S.R. is never 


allowed to suffer. 

D. Prasad 
Kanptur-20S012 

Papaya and vitaiHiB A 

Sir, Re: Is papaya teratogenic? 
by Prasanta Kumar Mitra {S.R.y 
Sept. 1979), 1 would tike to add the 
following points. 

That vitamin A is teratogenic does 
not seem to have been realised 
by many medical practitioners. 
1 have come across doctors ask¬ 
ing the patients to take one or two 
capsules of the preparation three 
times daily—even in the case of preg¬ 
nant ladies. 1 have seen on more 
than one occasion its disastrous ef¬ 
fects on the growing foetus. Though 
1 am not in the medical field, I have 
seen the ill effects of such over¬ 
doses. Even on the cartons of the 
proprietary preparations, the dosage 
recommended, I fe^l, is rather too 
high. 

Whether pregnant or not, hyper- 
vitaminosis due to vitamin A in any 
form, including cod liver oil, is harm¬ 
ful. I have heard of social service 
organisations administering vita- 
min-A capsules in children’s centres, 
and some of the above organisa¬ 
tions connected with research were 
actually experimenting in some of the 
children’s schools whether large do^ 
ses of vitamin A could be stored in 
the liver, thereby ensuring against 
any vitamin-A deficiency in later 
stages. 

It is high time that you make 
one of the experts in the field give a 
detailed account of the harmful ef¬ 
fects of overdoses of vitamin A and 
it will be doing great service to the 
public. 

Milk is good, but it is too mi^h 
of a good thing for a kitten having 
fallen into a tub of milk. 

A. V. Kuppurathnam 
Asstt, Professor of Chemistry 
P. S. G. Arts College 
Coimbatore 6410U 
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B-cbromosoines 

Sir, I have read with interest 
the article by Karen S. Arora and 
Subhash S. Arora What are B-chro- 
mosomes? (S.R,^ August 1979), and 
would like to add the following : 

(i) Bs are found more commonly 
in plants than in animals. The ad¬ 
vance families like Gramineae and 
Compositae have more number of 
Bs than the primitive families like 
Malvaceaei Rosaceae and Juncaceacy 
and so there might be a possible 
relationship between Bs ojcxurrence 
and the degree of evolutionary 
advancement of angiosperm. 

(ii) Bs are rarely found in inbreed¬ 
ing species. Information assembled 
by Moss (1969) suggests that there 
is a strong correlation between the 
occurrence of Bs and a tendency to 
out breed. The reason is that forced 
inbreeding of a naturally outcrossing 
species, withBs, rapidly leads to dec¬ 
line in their frequency. In rye, inbred 
by repeated selection and inter¬ 
crossing of 2-Bcontaining plants over 
nine generations, the frequency 
of Bs was reduced from an average 
of 2.2 to an average of 1.4 per plant. 

(ill) The Bs appear to occur in 
highest number under circumstances 
most favourable to the existence 
and growth of the species. 

(iv) Roades and Dempsey (1972) 
postulated that Bs have negative 
effects upon cell activity by compe¬ 
ting for nucleic acid precursors and 
amino acid needed for their repli¬ 
cations. This in turn leads to reduce 
nuclear feenetic activity and exten¬ 
sion of mitotic cycle time; and ul¬ 
timately gives rise to an impaired 
growth and vigour. 

(v) Of course, even-numbered 
combination of Bs, have the least 
effect on vigour and ni/blear meta¬ 
bolism. Jones and Rees (1967) postu¬ 
lated that the effect might result from 
a "'contiguity effects” between Bs, 
such that paired combination act 
more frequently than unpaired one. 

(vi) Evans and Maccficid (1973) 
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found that in the diploid inter speci¬ 
fic cross Lolium temulentum and L* 
perenne+By the Bs suppress pairing 
and chiasma formation between 
homoeologous chromosomes. In 
the absence of Bs, pairing and chias¬ 
ma formation are very regular. At the 
tetraploid level, pairing is confined 
to homologous pairs of chromo¬ 
somes only, when Bs are present, re¬ 
sulting in exclusive bivalent forma¬ 
tion at metaphase I. Without Bs, 
quadrivalent associations are found 
at metaphase as a consequence of 
pairing between homoeologous and 
homologous chromosomes. 

(vii) Certain members of the nor¬ 
mal A chromosome complements 
possess large hctcrochromatic knobs 
at specific sites in the chromosome 
arms. When two or more Bs are pre¬ 
sent in a plant the arm or part of 
arm carrying the knobs arc frequen¬ 
tly eliminated at meiosis II. Little or 
no loss occurs in microspores with 
one B, and the rate is not increased 
with more than two Bs. A-chromo- 
somes that lack heterochromatic knob 
are stable in their heritancc. 

(viii) The evolutionary origin of 
accessory chromosomes is still largely 
a matter of hypothesis and conjec¬ 
ture. The fact that, with few excep¬ 
tion, they show no signs of homo¬ 
logy with chromosomes of the basic 
set, and are completely different in 
size and morphology, suggest that 
in most specie^ which have them, 
they arc not recently derived frem 
the basic chromosomes. 

Md. Zaffar Hassan 
F, G. Department of Botany 
Magadh Uni versity 
Bodh-Gaya 

Female sex hormone 

Sir, The problem of gastric ulcera¬ 
tion and its protection by female 
sex hormone has been aptly discussed 
by Prasanta Kumar Mitra in the arti¬ 
cle Does female sex hormone save 
women from nicer? (5.R., Septem¬ 


ber 1979). The author has reported 
that he could protect 75% animals 
from gastric ulceration induced by 
aspirin and indomethacin in female 
rats, with the help of estrogen and 
progesterone—the female sex hor¬ 
mone. 

While working on a similar 
problem, we found that estrogen is 
ineffective while progesterone aggra¬ 
vates acute gastric ulceration induced 
by aspirin in rabbits. 

It is therefore felt that the con¬ 
clusion drawn by the author that 
female sex hormones, estrogen and 
progesterone, can save females from 
ulcers should be accepted with 
certain reservations. 

M. S. Manekar 
Professor & Head of the 
Department of Pharmacology 
Miraj Medical College y Mi raj 
M. L. Waghmare 
Chimist 
Govt. Medical College 
Miraj {Maharashtra) 

Aerosols 

Sir, What are aerosols? {S.R.y 
June 1979) by Pushpa Sharma and 
P. Bahadur was interesting. I would 
like to add a few points. The name 
aerosol was coined by Gibbs (1924). 
According to him, systems which 
are dispersed in air are called aero¬ 
sols and were analogous to hydrosols 
in which the dispersing medium is 
water. 

Aerosols can be divided into 
three types, i.c., solid, liquid and 
biological. Solid aerosols are solid 
in macroscopic sense and in¬ 
clude dusts, smokes and fumes. 
Liquid aerosols consist of materials 
which in bulk are liquids at normal 
temperature and pressure. They may 
be inorganic or organic compounds. 
Examples : Hg, H,S 04 , hexane, alco¬ 
hols, aldehydes, benzene and deriva¬ 
tives. The smallest size of this category 
is the individual molecule. The third 
type, biological aerosols also consist 
(Continued on pi/gci35 
SCIENCE REPORTER 




Agfa Photogiaphg al ff/5*6 



The Agfa Isoly II takes perfect 
snapshots in dim. soft light. 
Open the aperture wide to 
f/5 6 to get as much light as 
possible to the film. Set the 
shutter at 1/30 second, slow 
enough to allow correct 
image registration. Shoot 
from a distance of 1.83 m. 
With the Isoly firmly on a 
tripod. Use adow film for 
greater shaipness—125 ASA. 
The result? A perfect picture 
in low light. 


The Agfa Isoly D is a great 
all'round camera. You simply 
adjust settings, distance and 
film to freeze a sports serene 
forever, capture every 
detail, near or distant, of a 
landscape or get close 
enough to snap a leopard 
snarling! 

The Agfa Isoly n is built to 
German specifications and 
undergoes over 1(K) exacting 
tests. 


See this fine camera today at 
your friendly Agfa dealer. 
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Planets and 
their positions 


March 1980 



• • • • • • • 


PLANETS 


VENUS ? 

JUPITER 4 

MARS i 

SATURN h 


The moon 

F ull moon on 2nd at 2.30 a m. 

and again on 31st at 8.44 p.m. 
and new moon on 17th at 0-26 a.m. 
l.S.T. The moon passes about a 
degree south of Jupiter and four 
degrees south of Mars on the 1st, 
Very close to Saturn in the early 
hours of 3rd, about three degrees 
south of Mercury on 15th, seven 
degrees south of Venus on 20th 


MOON 

0 FULL MOON 1ST 
I FIRST QUARTER 23RD 


and again four degrees south of 
Mars and about a degree south of 
Jupiter on 28th and half a degree 
south of Saturn on 30th. 

The lunar crescent becomes first 
visible after the new moon day in 
the evening of 18th. In the western 
part of India the moon is likely to 
be visible one day earlier i.e. on 
March 17. 

The moon is at apogee or far¬ 
thest from the earth on 3rd and 


again on 30th and at perigee or 
nearest to it on 17th. 

The sun is at the Vernal Equincx 
on 20. 

The planets 

Mercury {Budha) is too near the 
sun to be visible during the first half 
of the month. It is in inferior con¬ 
junction with the sun on 6th. There¬ 
after, it reappears as a morning 
star and rises about an hour before 
sunrise. It becomes direct on 19th. 
It is in Aquarius \^Kumbhd), Its visual 
magnitude varies from +1.8 to 
+ 0.6 . 

Venus {Sukra^ an evening star, 
visible on the western hori/on sets 
about three hours before local mid¬ 
night during the month. It moves 
from Pisces (Afina) to Taurus (Vrnha) 
through Aries (Afesha). Its visual 
magnitude is about -*3.8. 

Mars (Afanga!a)i visible in the 
evening sky, sets about half an hour 
before sunrise during the first half 
of the month and about one and a 
half hours before it during the 
-second half. It passes about 3*^ 
north of Jupiter around midnight 
of 2nd. It passes about 4" north of 
the star Regulus (Aiagha) in the 
very early hours of 18th. It is in Leo 
(Simha). Its visual magnitude varies 
from •— 1.0 to —0.3 . 

Jupiter (Brihaspati) visible in the 
evening sky, sets about half an hour 
before sunrise during the 1st half of 
the month and about one and a 
half hours before it during the 
second half. It is in Leo (Simha). 
Its visual magnitude is about —2.0 . 

Saturn (Sani) rises at about 
sunset and sets at about sunrise. It 
is in opposition to the sun on 14th. 
Its moves from Virgo (Konya) to 
Leo (Simha) by retrograde motion. 
Its visual magnitude is about +0.9 . 

(Source : Position Astronomy 
Centre, India Meteorological Depart¬ 
ment, P-546, Block ‘N’ fist floor). 
New Aliporc, CalcuUa-700 053.) 



Addition of water not only cuts ftiel cost8> but also reduces 
oxides of nitrogen, smoke and particulates in the exhausts 
of automobiles 


K. L. NARAYANA 
K. MADHUSUDANA RAO 


AN emulsion is a two phase 
^ system consisting of two immi¬ 
scible liquids, one being finely dis¬ 
persed in the other. The substance, 
which is present in smaller propor¬ 
tion, is usually known as dispersed 
phase, whereas the other consti¬ 
tuting the bulk of emulsion is termed 
as continuous phase. Two types 
of emulsions ‘water dispersed in 
oil' or ‘pil dispersed in water' are 
commonly encountered. C an we form 
a stable emulsion'’ Thermodyna- 


to coalesce. So to make an emulsion 
stable, the dispersed drops must be 
as small as possible. Many commonly 
used emulsions occur in foods, 
cosmetics, pharmaceuticals and many 
other formulations of industrial im¬ 
portance s^h as textile finishes, 
paper coatings, metal wwking, oil 
well drilling fluids, lubricants, etc. 

Emulsions of water and petrol¬ 
eum oils have been tested extensively 
in countries like the U.S.A., Japan, 
the U. S. S. R., U.K., etc. They have 


seventies, particularly after the oil 
crisis in 1973. Besides, stnict regula¬ 
tions on pollutant emissions, e.g., 
oxides of nitrogen and particulates, 
in the stack gases, might have forced 
many companies that use fuel oils 
to look for newer methods which 
can possibly lower emissions to 
acceptable limits. 

Black petroleum-water emulsion 
has largely been used as fuel oil, 
with the amount of water varying 
from oil to oil. White petroLum oils, 



For Rapid Combustion 


mically, the two liquid phases arc 
highly unstable and usually an emul¬ 
sifying force is required for emulsion 
formation. As soon as the disper¬ 
sing force is removed, large-scale 
coalescence occurs in the dispersed 
phase, which reverts the emulsion 
back to its two phase system. 

An emulsifying agent (also known 
as surfactant) is added to form 
the emulsion and/or to give it stabi¬ 
lity. Introduction of an emusifying 
agent usually lowers the interfacial 
tension between the two liquid pha¬ 
ses. Drop size is yet another impor¬ 
tant factor for stability; larger the 
drop size, greater is the tendency 


varied applications—from boilers to 
motor vehicles, and it is now amply 
demonstrated that these emulsion 
fuels burn completely and more 
efficiently due to mini explosions in 
the combustion zone. A thorough 
mixing of fuel and air takes place due 
to these explosions resulting in 
dramatic reduction in soot formation 
and particulate solids in the Sue 
gases. 

Several emulsion combustion sys¬ 
tems have been installed in the U. K. 
and the U.S.A., and the users have 
claimed savings in fuel and significant 
reduction in pollutants. Much of the 
work on emulsion fuels began in 


such as gasoline and diesel oil, have 
also been tried extensively after 
emulsification. Their trials in motor 
vehicles showed 10 per ce;nt increase 
in mileage and marked reduction 
in NO, and smoke. Fuel oil emul¬ 
sions containing different propor¬ 
tions of water have, been tested in 
many industrial appliances such 
as boilers, furnaces, incinerators, 
etc. For making emulsion fuels, 
several techniques have been tried 
and these include high intensity mix¬ 
ing, sonic or ultrasonic irradiation. 
In sonic or ultrasonic methods, no 
emulsifying agent is used. In Japan, 
however, surfactants have been used 


S/Shri Narayana and Madhusudana Rao arc Sefentists at Regional Research Laboratory, Bhubaneswar (Orissa) 
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Fig. 1. Combustion system for eimUsions 


for emulsifying different fuel oils 
and water. Teats of pulveriMi Coal> 
oil-water emulsions also indicate 
promising future for burning coal 
rather than converting it into liquid 
fUeL Combustion characteristics 
of coal-based emulsions are also 
similar to liquid fuels, and the com¬ 
bustion equipment, e.g., pumps, 
burners, etc., used for liquid fuels 
can be conveniently adapted to coal- 
based emulsions. 

How an enailrioa 

When an emulsion drop con¬ 
taining small drops of water 
is heated by a direct flame, 
heat is initially transferred to 
the surrounding oil, which, in 
turn, transmits it to the water drops. 
Because of relatively higher boiling 
point, the oil drops remain as liquid 
while water begins to vapourise. 
Soon, the vapour inside the oil drop 
gets superheated and in escaping 
from the drop shatters the oil drop 
into many small fragments. Occasion¬ 
ally further shattering of the frag¬ 
ments also takes place. The frag¬ 
ments are usually of 1 to 2 micron 
si/e or less. Photomicrographic stu¬ 
dies indicate that the fragmentation 
occurs rapidly (with an average 
velocity of 50 metres per second). 
As a result, the time taken for burn¬ 
ing an emulsion drop is reduced to 
nearly half of what a pure oil drop 
takes. 

A schematic arrangement of the 
combustion system for emulsion fuels 
is shown in Fig, I. Controlled 
amounts of water and fuel oil are 
continuously drawn from their stor¬ 
age tanks and fed into an emulsify¬ 
ing chamber, where the two liquids 
are subjected to high intensity 
mixing. Vigorous agitation of high 
intensity mixing or ultrasonic 
irradiation produces large-scale cavita¬ 
tion bubbles and as they grow and 
implode they bring about internal 
s^tresses in the liquids. These disrup- 
forces disperse the water in oil 
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as fine droplets. The water-oil emul¬ 
sion thus formed is continuously 
drawn by a pump and fed to the 
burner for combustion. 

Vapourisation of water inside 
the oil drop usuaPy occurs at super¬ 
heat temperature (above the normal 
boiling point of water), and the 
degree of superheating usually dep¬ 
ends on the purity of water used. 
Temperature often goes above 200'C 
-250"C, if water is pure. The wide 
difference of temperatures between 
the flame and water is responsible 
for high heat transfer rates, which 
are believed tc result in superheated 


boiling and/or spontaneous nuclea- 
tion leading to explosion. 

How efficient is burning 

Pure oil drop burns in the usual 
way without disruption while the 
emulsion drop burns with ‘explo¬ 
sions’. Each drop breaks violently 
into many minute oil drops much 
smaller in size than the pure oil 
drop (the si/e of the pure oil drop 
depends upon the type of device used 
for atomising the oil). The ‘explo¬ 
sions’ also bring about violent agita¬ 
tions within the combustion system, 
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Table i. Types of emulsion fuel studied 


Si. Type of emulsion used Method employed Benefits 

No, 


1. 5% water in gast>linc for carburattod 
engines 

2. 1% to 207 o water in petroleum fuel 

3. 1% to 80% water in petroleum for internal 
combustion engines 

4. Emulsions containing water and fuel oil, 
in industrial scale 


5. Water-liquid fuel emulsion used in blast 
furnace 

6. water in fuel oils for electric power 
plants 


7. less than or equal t<> water with diesel 
fuel investigated in pilot plant for heat 
engines 

8. iO to 74 volume parts of water and 26-90 
parts fuel oil 

9. Lighter oil and fuel oil emulsified with 
water 

10. 5Vo to 50^0 walor burned in two stage com¬ 
bustion system. 

11. 1% to 74'^; water in heavy oil emulsions 

12. 20 .-40^*;, water in fuel oils emulsions to 
run steam engines. 

13 20',water rnitroleum fuel oil emulsion 

14. LS water and petroleum fuel oil emul¬ 
sion 

15. Emulsion containing 7 6'\', water, 4 8", 
sulphonatcJ oil 


16. Water (9"„-23^'o), pulverised coal- O'*,',-2% 
powdered dolomite—0",.-2'^.o. fuel oil -77'/,. 
to 90'‘o 

17. 40% water emulsified with diesel oil contain¬ 
ing 1.5% sulphur 

18. Emulsion containing 20% water in fuel 
oil studied in a batch type of furnace 
70 cm X 70 cm x 70 cm. 


Ultrasonic emulsification under a 
pressure of 5-6 kg/cm* 

Suitable surfactant used 

Suitable surfactant used 


Blowing steam through a porous 
material into a stream of liquid fuel 
By single or multistage mixing with 
gear or rotary pumps 


Synthetic nonioinc surfactants 

Agitation at 500 RPM without emulsi¬ 
fying agent. 


Less than 5°,', water soluble surfactant 

Withodt the use of emulsifier using 
homogenisation tcchnique. 

Nonionic surfactant namely 1.3');. Ca 
alkyl benzene sulphonate injected. 
I.2'\i emulsifying agent 

2.8",, emulsifying agent 


Surfactant Poly (oxycthylenc mono 
(nonyl phenyl) ether (1% of total 
emulsion) 


(a) 3%-4% increase in effective power of 
the engine. 

(b) 5%-6% decrease in NOx in exhaust. 
Formation of CO, hydrocarbons and 
NOx minimised. 

(a) Soot, CO, NOx hydrocarbons 
reduced. 

(b) Engine performance improved 

(a) Low^ering of excess air 

(b) Reduction of NO* and fly ash 

(c) Reduces SOj conversion to SOj 

(d) As efficioni as fuel oil. 


(a) Reduction in excess air 

(b) No products or incomplete combus¬ 
tion 


Less smoke and less NO* in exhaust 

Less NOx f40% to 50% reduction) 

Marked reductions in the emissions 
of soot and NOx 
Stack gases contain reduced amounts 
of NOx, smoke. 


30% reduction in dust and NOx 

Reduced NOx nearly 

40 %- 50 ^;. 

(a) Fuel consumption decreased by 16% 

(b) Increase in heat transfer and energy 
output. 

fc) Reduced pollution 
Reduction in si>ot 


947o reduction m NOx 
(a) Combustion efficiency increased 

(b) Pollutant gases decreased 

(c) 8% saving in fuel oil. 


19. 12.5% w*atcr, powdered coal, MgO and oil 
emulsion 


(a) 177 o-867o reduction in NOx 

(b) Reduction of S oxides by 40%-50% 

(c) The soot formation was kept minimum. 


20. 10%,“15% water in oil emulsions used in Mechanical shock stirring 
small boiler capacity 300 kg/hr. 


(a) 307 o-50% NOx lowered 

(b) Saving of oil by 20% 
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EXCESS AIR, 7.V 

Fig. 3. Extent of NO.^ formation in relation to excesx air 


the result of which is that more 
collisions between carbon, hydrogen 
and oxygen atoms take place accelera¬ 
ting the combustion. Besides, the 
superheated steam coming out of 
the drop mechanically removes the 
inhibiting layers of carbon dioxide, 
oxides of nitrogen, waterand nitrogen 
from the vicinity of oil surface. A 
good example of this action is a 
Blacksmith’s forge, where large 
quantities of excess air are blasted 
across the burning coal. Yet, the 
coal gets brighter and hotter. Nor¬ 
mally one expects that such a large 
quantity of air will cool the burning 
Coal, but instead the burning is much 
better. This is because of Continuous 
removal of inhibiting layers o^* cai hon 
dioxide, water and nitrogen by blasts 
of air. 

During combustion process many 
chemical changes such as dissocia¬ 
tion and association take place. 
Water, for example, dissociates into 
hydrogen and oxygen, which may 
associate again to form hydroxyl 
radicals. Besides, the temperature of 
the combustion zone promotes a 
scries of photochemical reactions 
which result in the formation of 
many more compounds; some may 
by even more combustible. Com¬ 
bustion of pure oil usuady results 
in formation of gaseous products 
like carbon dioxide (COg^ oxides of 
nitrogen (NOJ, carbon monoxide 
(CO), sulphur trioxide (SO3), etc. 
In addition, excess air (used for 
combustion) and unburnt carbon are 
present in the exit gases. Fig. 2 
indicates graphically the different 
constituents present in the exit gases 
obtained from burning of ordinary 
burner fuel oil and emulsion fuel. 
It can be seen that the presence of 
such large quantities of COg with 
lewer solids and less air clca^'ty indi¬ 
cates that the combustion of emul¬ 
sion fuel is complete. 

Emulsion fuels require less excess 
air for combustion when compared 
to pure oil, as part of the fuel is 
•^cplaccd by water. Superheated steam 


coming from the shattering emul¬ 
sion drops depletes the gases like 
oxygen and nitrogen from the com 
bust ion zone. Superheated steam 
is a better medium for heal transfer 
compared to both nitrogen and oxy¬ 
gen. So, the heat transfer rates 
greatly improve. 

Studies on the combustion of 
1000 micron water-oil emulsion 
drop and pure oil drop of 
the same size show that 
the size of the flame is consider¬ 
ably improved by ‘miniexplosions' 
during the combustion of emulsion 
drop. 

To save at least 4000 gallons of 
fuel oil per week, Adelphi University, 
U. S. A. is using ultrasonic combus¬ 
tion system which feeds a mixture of 


75^0 oil and 25\' , water to campus 
oil burners. It reduces the oil 
consumption ^y one fourth without 
any loss of efficiency and dramatically 
reduces pollutants emitted frem the 
combust!('n system. In a pilot plant 
installation at the Bayville Inter¬ 
mediate Scl'.ool fuel consumption was 
reduced by about 22%. Emissions 
from the heating systems were also 
considerably reduced. Fuel mileage 
increased by 10% dependin;^ upon 
the model of the cars when a mixture 
of 18% water and 82. gasoline was 
used as fuel. 

Reduction of pollutants 

During the combustion of fuel 
oils, many pollutants like oxides 
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pOMBUSmoN is A diemi# 
^i^tn which tarbonAtoitis^ 
form carbon dioxide (CO^ or carbon 
monoxide (CX>), end hydro«eii borns 
to form water* Petroleum Aiela are 
large complex moleculea consii^iig 
of carbon and hydrogen atoms. 
During the combustion pr0^e«a» a 
series of collisions occur between 
carbon^ hydrogen and oxygen atoms 
resulting in the formation of products 
like CO9, CO and water. Atr is the 
commonly used source for oxygen 
supply and thus each part of 
gen entering the combusljott system 
brings four parts of nitrogen, tliese 
nitrogen passengers do not take part 
in the combustion pr<^^: inst^> 
they carry away some fae^ from the 
process. ' ' ^ 

Combustion carries with it the 
seeds of its own destruction. For 
instance, both carbon dioxide and 
water are the most Commonly used 


materials for putting off fire. Large 
Quantities of nitrogen also enter the 
system (along with the air). All these 
substances tend to retard the cqm*' 
bustion process by forming inhibiting 
layers between burning hydrocarbon 
and oxygen^ It is therefore necessary 
to remove these inhibiting layers as 
soon as they are formed in order to 
sustain comlmstion. This is the reason 
why air is used in much larger quanti¬ 
ties than is required. In addition,fine 
oil spray also exposes more oil surface 
to bum with oxygen. Another im¬ 
portant factor (on which combustion 
largely depends) is the correct mixing 
of fiiel and air. The process of 
mixing is complex, and even though 
we achieve correct mixing in a cold 
combustion model, it is difficult to 
attain the same degree of mixing in 
actual combustion sytems. 

K.L.N. 

K.M.R. 


Particulates are also effectively 
controlled by the use of water as an 
emuLion. The exact mechanism is 
not clearly understood so far. How¬ 
ever, reduction of particulate emul¬ 
sion can be attributed to the chemical 
effects of hydroxyl radicals of 
water or to the disruption of oil 
droplets by the evaporation of 
water entrapped in the emulsion drop 
or the effect of both. 

5;cvcral commercial combustion 
systems arc available for emulsion 
fuels. Most of them have either a 
mechanical, sonic or ultrasonic 
probe for emulsifying water and 
oil. 


rwlTloa teciiBique for coal 

J. Dooher of the Adelphi Uni¬ 
versity Centre for Energy Studies, 
U.S.A., investigated emulsions of 
pulverised coal-oil-water. The results 
indicate promising future for burning 
coal. The fuel contained 50% pul¬ 
verised coal, 1 0**0 water and 
oil. The fuel remains stable for many 
months, which is a desirable pro¬ 


of nitrogen (NOJ and particulates 
are produced. They are hazardous to 
human health and need to be con¬ 
trolled. In India, this problem does 
not appear to have attracted the 
attention of environmental experts 
so far. However, in highly industriali¬ 
zed Countries like the U.S.A., U.K., 
Japan, etc., there are strict regula¬ 
tions on stack gas.emissions, parti¬ 
cularly of NO. and paniculatcs. 

Atmospheric nitrogen and nitro¬ 
gen content of the fuel oils are 
the two main sources for the 
formation of nitrogen oxides 
(NOJ. The only method, which 
has been amply demonstrated 
to reduce markedly both NO, and 
particulates, is the use of water in 
combustion system either in the 
form of an emulsion of water in 
oil or as fine water spray or by in¬ 
jection as steam. The presence of 
water lowers the flame temperature 
by nearly 10%-20% (which is below 


the dissociation temperature of air) 
so that the conditions for the forma¬ 
tion of thermal nitrogen arc elimina¬ 
ted. The use of 5% water in gasoline 
reduces No,^ formation by 5%-6% 
in carburrated engines and 15% 
water in furl reduces the NO^ by 
40%-50%. 


perty. 

Emulsions containing 3 parts of 
pulverised ».oal (100^ or less), one 
part of fuel oil and one part of water 
had properties similar to a medium 
fuel oil. However, the burner assem¬ 
bly had to be modified for burninc 
this fuel. 
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Future for eauilsioa fuels 

It is now an established fact that 
the use of water markedly reduces 
particulates during the burning 
of liquid Aiels and keeps the levels 
of nitrogen oxides low. it has been 
observed that if the dispersion of 
water in oil is uniform, only a small 


quantity is required and it need not 
exceed 30% of the emulsion. Any 
increase above the limit is likely to 
impair the efficiency. For making 
water-oil emulsions, any high in¬ 
tensity mixing technique can be used, 
and to achieve stability, surfactants 
can also be used. Among the emulsi¬ 
fying techniques ultrasound seems to 


have anedge overt he others. However, 
(he cost factors may come in the way 
of its acceptability. There arc, how¬ 
ever, still several problems that come 
in the application of emulsification 
technique and so need further 
research, viz., (i) Importance of water 
quality and effect of contaminants/ 
salts on the combustion system unit, 

(ii) Reliability of the equipment 
used to produce emulsions, and 

(iii) Influence of emulsion technique 
on the formation of fine particles/ 
smoke due to shattering of oil 
droplets 

Further reading 
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the Inst, of Fuel, ii (1978), 
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Corrigendum 

Read author line for article About DNA that is silent, iS.R., Jan., 
1980jaS:''Dr. Bansai is associated with Chromosome Research Centre of 
the Deptt. of Botany, University College of Science, Calcutta University, 
Calcutta-700019." 
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^HE decision about the suita- 
^ bility of a person for promotion 
to a higher class, award of degree 
for a definite course and appoint¬ 
ment in a particular job involves 
his evaluation through an exami¬ 
nation or an interview. These are 
essentially the processes or acts 
of testing or trying an individual as 
regards his intellectual development, 
knowledge, fitness, calibre and apti¬ 
tude. Accordingly, written tests, viva- 
voce, discussions, etc., constitute 
various methods of assessing and 
hence grading the candidates. 

From physics point of view, a 
person subjected to such an evalua¬ 
tion can be treated as a system (of 
course, composite in nature) or an 
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object under study, whereas his 
knowledge, presence of mind, wit, 
etc. are the variables which are 
being determined. Therefore, it 
should be possible to analyze the 
process of assessment in the frame¬ 
work of physics and the present 
article is the outcome of an effort 
in this direction. It turns out that the 
concepts of physics can be exploi¬ 
ted in an interesting mannci to 
reach at meaningful conclusions. 

Physical measurements ; standard 
scales 

The first step in the measure¬ 
ment of any quantity is to define an 
appropriate scale which can be used 
as a unit for expressing the findings. 
For example, while determining a 
distance, proper unit like Angstrom, 
melnr, kilometre or light-year is 
Aosen and then the length involved 
is written as a number times the unit. 
In the case of written tests few 
questions are asked in a paper; these 
arc allotted some marks and the can¬ 


didates are gauged according to 
their total score. Similarly, in an 
interview the evaluating agency de¬ 
fines some norms and the candidates 
are assessed with respect to those. 
As in the case of measurement of 
physical quantities, the proper choice 
of questions and norms (the scale) 
is very important so that the results 
arc well presentable. 

Once the scale has been decided, 
one comes to the actual act of meas¬ 
urement. Unlike the determination of 
metric length and temperature, one 


does not have to establish a physical 
contact between the object and 
measuring device in checking cali¬ 
bre, knowledge, etc. Instead the 
situation is relatively closer to the 
measurements on unacccssible sys¬ 
tems such as atoms, nuclei, electrons, 
etc. This involves development of 
some connection between a pheno¬ 
menon pertaining to the system 
that leading to our realization of 
this so that the state of the system 
under investigation is completely 
known. Now measurement of any 
physical quantity for a system requir¬ 
es its study with probes like photons, 
neutons, electrons, etc. The probes 
interact with the system and give 
rise to a response signal which is 
decoded into desired type of informa¬ 
tion. Thus the essential requisite for 
measurement is one-to-one corres¬ 


pondence between an observable of 
the system under study and another 
observable of the measuring device 
or probe. The difference between the 
initial and final conditions of the 
probe can be interpreted to yield 
information about the system. For 
example, if we want to study the 
position and velocity of a moving 
object, we can use light photons as 
probes and the resulting reflection 
pattern can be analyzed to give 
parameters defining the movement of 
that body. Similarly, the positions of 


atoms in crystals are obtained by 
diffraction of X-rays or neutrons from 
the planes of the atoms. 

The main requirement of precise 
and accurate measurement is that 
the interaction between the probe 
and the svstem should be so weak 
that the disturbance caused in the 
latter can be neglected. Otherwise, 
the results obtained will be those 
pertaining to the perturbed system 
and will not be true representative 
of the original system. Rather they 
will fall in the category of subjective 
idealism from philosophy point of 
view. This demands that the probe 
should be chosen carefully so that 
it does not render the system unsta¬ 
ble and also that the system must 
not be very sensitive. Preferably, the 
system should continue to be near 
its equilibrium. 
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Well known concepts of physics have been used to discuss 
the process of evolution of the candidates in exa¬ 
minations and interviews. The conclusions surived at are 
amazingly realistic and convincing 


No embarrassment ot provoking 

Applying the above principles to 
our system, i.e., the candidate, we 
see that the questions (written qr 
oral) are the probes and answers to 
these constitute the response ^yhich 
has to be properly interpreted by iht 
experts for correct evaluation) Ob¬ 
viously, the assessment of the' can¬ 
didates can be true and more reliable 
if the questions asked arc such that 
candidates remain normal. For this 
to be so, not only proper quality of 
questions is significant but continuity 
of candidate’s mental equilibrium is 
also important. To be explicit, the 
examiners should not ask very 
embarrassing questions and should 
avoid provoking the candidates; ra¬ 
ther their style of putting these ques¬ 
tions should be so modest and affec¬ 
tionate that the candidates do not 
lose balance, A further implication 
of this aspect is that the candidates 
should develop their personality to 
such an extent that they maintain 
equilibrium under all conditions. If 
wc subject these conjectures to tests, 
we find that a particular person does 
better if the examiner remains co¬ 
operative and cordial whereas his 
performance becomes depreJising if 
the attitude of the examiner is 
hostile and repulsive. Similarly, a 
sensitive and over cautious candidate 
becomes nervous (i.e., loses equili¬ 
brium) and his performance is affec¬ 
ted, while another person may do 
better if he remains unnerved even 
though his knowledge is relatively 
poor. 

Extrapolating Heisenberg’s Principle 
of Indeterminacy 

Next, the evaluation of the level 
of a person, i.e., his calibre and 
quickness in answering the questions 
is like simultaneous measurement of 
two physical parameters. According 
to Heisenberg’s principle of indeter¬ 
minacy, the so-called first golden rule 
of quantum mechanics, the product 


of the errors (uncertainties) in simul¬ 
taneous determination of a pair of 
canonically conjugated coordinates, 
like position and momentum, must be 
at least of the order of Planck’s 
constant of action (h). Thus if we 
measure a quantity very accura¬ 
tely, we do so at the cost of preci¬ 
sion in its conjugate quantity. For 
example, suppose we are interested 
in finding the state (position and 
momentum) of moving electrons at 
a particular time. That is, if wc want 
to knowtheirdistribution in the phase 
space, we shall use photons as prob¬ 
es to study the system. In order to 
find the positions of the electrons 
very accurately, we shall need photons 
of very small wavelength (therefore, 
of very high energy), say x-rays, so 
that the resulting diffraction pattern 
IS well resolved. But when high energy 
photons interact (collide) with 
electrons, they exchange momentum 
and the latter will recoil. Thus the 
momentum of the electrons will be 
changed and we shall not be able to 
get correct information about this 
aspect On the other hand, if wc 
employ photons of high wavelength 
(low energy), the disturbance caused 
to the electron system will be less 
which will give velocity precisely, 
but the diffraction pattern giving 
position will be hazy leading to more 
uncertainty in position. 

T o extend the above argument to 
our system, we can label the calibre 
as position and quickness in reply 
as momentum defining the mental 
state of the candidates. Accordingly, 
the question of their evaluation is 
reduced to their arrangement in the 
phase space of knowledge and 
minimum uncertainty in this will be 
of the order of some constant of 
action. Without bothering about the 


magnitude of this constant, we sec 
that if the probes (questions) are 
of high energy (difficult) then the 
examiner can determine the posi¬ 
tion (calibre) of the candidates accura¬ 
tely only at the cost of proper in¬ 
formation about momentum (quick¬ 
ness in response, which depends on 
the presence of mind) and vice versa. 
However, with moderate probes 
(questions) one can know both the 
quantities reasonably accurately. 
Therefore, the examiners should 
ask only such questions from which 
they can assess the calibre as well as 
presence of mind of a candidate with 
desirable accuracy. 

Sufficient time for proper check up 

While talking about the Heisen¬ 
berg’s Principle, we know that it 
also applies to measurement of energy 
and time at a fixed point X in two- 
dimensional space-lime. In that case 
its statement reads; if we carry out 
an observation within a time^t and 
use it to determine the energy of the 
system at the same point X, then the 
uncertainty in energy would be 
such that the product A E* A ^ always 
greater than the Planck’s constant. 
Once again we can use this concept 
in our problem if we take the know¬ 
ledge of a person as energy content of 
the system. If the system (candidate) 
is perceived (questioned) for a time 
then the uncertainty in the infor¬ 
mation about his knowledge will be 
inversely proportional 
sequently, the evaluation will be 
more reliable if it is Carried out for 
a longer interval (larger /^t implies 
smaller A^) hence a candidate 
should be questioned for sufficient 
time so that his knowledge can be 
checked properly. 

{Continued or, page 131) 
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WIND EFFECTS ON 

STRUCTURES 


N. SUBRAMANIAN R, RADHAKRISHNAN 


a builder builds a house that is 
not firmly constructed and it collapses 
and causes the death of the owner^ that 
builder shall be put to deaths 

The Laws of Hammurabi, King of 
Babylonia, 2200 BC 

TITITH the advancement in civili- 
” zation, the builder in the modern 


world has the challenging task of 
building structures of new shapes and 
new heights soaring into the sky and 
plunging into the sea. In the last 
twenty years, buildings more than 30 
storeys high have come up in many 
parts of the world. In the metro¬ 
politan cities of our country 
man> 15 to 20 storeyed buildings 


have been constructed and taller 
buildings are in the offing. The 
new shapes of structures and heights 
of buildings have instilled a greater 
awakening among engineers for dy¬ 
namic design of structures. 

How buildings vibrate 

Change of tempcratuie and hu- 


Drs.Subnsnanian and Radhakrishnan are with Structural Engineering Laboratory, Deptt. of Civil Engineering, Indian Institute of 
Technology, Madras 600036 




Loads imposed on structures by wind act horiaeontally 
and cannot normally be resisted by the main structural 
system designed to carry gravitational loads acting 
vertically downwards 


midity within materials set up poten¬ 
tial differences and static electricity 
flow and cause bodies to vibrate. 
External impacts and forces such as 
moving vehicles, natural forces like 
wind, sea-waves, rain and earthquake 
all cause bodies to vibrate. Sensitive 
pickups will indicate that the ground 
which, to human senses appears to 
be stationary, is constantly vibrating 
at its natural frequency-a pheno¬ 
menon known as microtremors. 
Buildings and their floor systems also 
constantly vibrate. Static behaviour 
of buildings for purpose of stress ana¬ 
lysis is only an idealisation which is 
good for practical purposes where 
there arc only microtremors and no 
heavy live loads. But when structures 
are subjected to dynamic loads such 
as due to wind, earthquakes, tsuna¬ 
mis and vibrating machine loads, the 
idealisation of a static equivalent is 
a crude approximation and dynamic 
design methods are imperallvc. 

Before analysing any structure 
for its dynamic behaviour, the causes 
like the wind, earthquakes, etc., which 
make the structure vibrate should be 
studied in detail. In our earlier article 
(What are earthquakes ? S R.y 
December 1977) we have studied 
about earthquakes. Although a 
large amount of literature on 
the wind effects on buildings are 
available now, there are not many 
comprehensive books dealing with 
this subject. Hence an attempt has 
been made in this article to discuss 
briefly the causes and effects of wind 
on structures, 

The wind 

Wind is one of many natural 
pitenomena over which man has no 
control. Large-scale storms, thunder¬ 
storms and tornadoes produce high 
wind speeds and, in the case of torna¬ 
does, high local pressure gradients 
which will exert large pressures on 
any building enveloped by them. Too 
^ften these pressures arc sufficient 
^0 cause substantial damage to struc¬ 


tures, particularly to their roofs. 
Since it is impossible to control the 
wind, designers aim to make their 
buildings resistant to wind damage. 

Causes of air movement 

Air is seldom quiet but flov.s, 
sometimes with great violence, undci 
the influence of forces generated by 
heat from the sun, and the centrifugal 
forces resulting from the earth’s 
rotation. The wind may be dclincd 
as the motion of air caused by gra¬ 
vity, by deflective forces .due to 
earth’s rotation, and by centrifugal 
forces due to the curvature of the 
wind path. These forces arc opposed 
by others arising from friction and 
viscosity. The air never flows with a 
perfectly smooth and streamline mo¬ 
tion, but always with horizontal and 
vertical fluctuations which, when 
sudden and relatively brief, are 
called gusts. Due to the rotation o! 
earth, each air particle in the atmos¬ 
phere has an angular momentum, 
which is directed from west to east. 
Regions near North and South poles 
have very disturbed weather, with 
many depressions and anticyclones. 
These depressions are caused by the 
meeting of warm and cold streams of 
air. An idealized depression has a 
belt of rain or snow surrounding the 
warm air. In a depression, the cold 
air will force itself into a less dense 
warm air. Thus, the centre will be at 
low pressure and the outer winds will 
be at higher pressure. (The maxi¬ 
mum pressure differential in a dep¬ 
ression is of the order of 0.05 atmos¬ 
phere or 50 millibars). Thus, in com¬ 
mon with all meteorological pheno¬ 
mena, the wind also derives energy 
from the sun. 

At heights between 8000 metres 
and 13000 metres a tubular current 
of air may form, with a very high 



Fig. 1. Three cup anemometer generator. 

Internal cup diameter 12.5 cm 

wind speed, called a jet stream. An¬ 
other high speed wind called tornado 
is characterized by a vertical spiral 
of very high speed wind with a rela¬ 
tively short life. 

Hurricanes or typhoons arc tro¬ 
pical depressions, smaller in area but 
more severe than the depression of 
temperature zones. They originate over 
warm oceans and derive energy 
from the latent heal of evaporation 
of water sucked into low pres.ur'* 
centre. Their paths are entirely ran¬ 
dom and are characterised by high 
tidal surges. Tornadoes and hurri¬ 
canes are cyclonic storms, but for¬ 
tunately most cyclones are neither 
tortiadocs nor hurricanes. 

bddK . arc created in air when 
tlicv meet a sharp discontinuity on 
the cHTib's surface, such as a build¬ 
ing, ticc or mountain. Eddies travel 
foi long distances, and when super 
imposed on the mean air-flow, give 
rise to variable winds. When the wind 
reaches a peak, it is called a gust, 
and at its minimum it is called a 
lull. 

Wind forecasting 

There is no way of forecasting the 
variations of wind, even after many 
years of records. Certain tendencies, 
like the change of direction on the 
onset of a gust, the quick rise in wind 
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Fig. 2. Continuous Anctnogram record 


Speed, etc., have been observed. It 
can be said that the wind variation 
over a short period (about 1 hour) 
are entirely random about the mean 
spaced over that period. The random 
pattern remains same at all times for 
any wind measurement site as long 
as the conditions remain same. This 
fact is very important since future 
maximum, minimum and wind 
speeds can be forecast from short 
term * records by us.ng probability 
analysis. 

Wind measurements 

The wind force or pressure on a 
strucluie is taken to be proportional 
to the square of the wind velocity. 
Hence precise measurements should 
be done in order to minimize the 
error especially for high wind velo¬ 
cities. Devenport of National Re¬ 
search Council of Canada, Ottawa 
showed that the atmospheric stability 
and surface roughness, affect the 
variations of velocity with height. 

Since vertical components of 
atmospheric motion are relatively 
small, especially near the surface of 
the earth, the term “wind” is com¬ 
monly considered to denote the hori¬ 
zontal component of the wind. 
Hence wind velocities are measured 
in a horizontal plane, though vertical 
gust componentexists. The term velo¬ 
city indicates direction and speed; 
but not all the instruments measure 
both. Wind direction is measured in 
a clockwise direction from north, 
either in 360% 45% 22^" or lli^ 
Wind speed is measured usually in 
miles per hour or kilometers per 
hour. 
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The earliest wind speed indicators 
were plates which were hung on a 
horizontal axis, and were maintained 
on a cross-wind direction and were 
not suitable for continuous record¬ 
ing. Hence presently wind velocities 
are assessed by anemometers which 
are installed at meteorological obser¬ 
vatories at heights generally varying 
from 10 m to 30 m. Many types 
of anemometers are in. use today, 
and the four main classes of anemo¬ 
meters arc : (1) Pressure anemome¬ 
ter, (2) Rotation anemometer, 

(3) Gust-measuring anemometer, and 

(4) Cup anemometer. Fig. 1 shows the 
three-cup anemometer generator 
which is used in India. When wind 
speed patterns in fractions of seconds 
arc required to be recorded graphi¬ 
cally the ERA gust anemometer is 
used. 

The anemometers usually record 
wind speed on an anemograph. These 
records are either continuous or step¬ 
ped depending on whether the ane¬ 
mometer drives a continuously mea¬ 
suring transducer or an integrating 
counter. These datas are presented 
monthly and yearly and include : 

(1) thc height of anemometer 
above the mean sea-lcvel; 

(2) the height of anemometer 
above ground; 

(3) the effective height of ane¬ 
mometer; 

(4) the distribution of mean 
hourly wind speeds; 

(5) the maximum mean-hourly 
wind speed and duration; and 

(6) the maximum gust speed and 
direction. 

Fig. 2 shows the anemograph of a 
continuous recording anemometer. 

Wind pressure 

A steady wind with velocity V 
exerts a dynamic pressure on an op¬ 
posing surface equal to o V*; 
where is the coefficient of drag 
for steady flow and o is the mass of 
air per unit volume. The coelficient 
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of drag varies with.the shape of the 
structure. 

Wind damage and effect on structures 

There are numerous examples of 
building failures due to wind. Many 
of these have occurred during erec¬ 
tion, which indicates the carelessness 
on the part of engineers with regard 
to the effects of wind. Experimental 
efforts to determine the wind effects 
on structures dates back to Galileo 
(1655) and Newton (1687) and are 
continuing at the present time. By 
measuring the resistance of a sphere 
swung at the end of a pendulum, in 
air and water, Newton arrived at the 
conclusion that wind force is pro¬ 
portional to the square of the velocity 
of the wind. The wind tunnel provi¬ 
des a facility for measuring the forces 
resulting from the wind and advances 
in the field of fluid mechanics permit 
a rational interpretation of wind- 
tunnel tests. 

The prodigious feats in bridge 
building in Europe and America, in 
early 19th century were not without 
disasters. The most consequential 
was the failure in 1879 of the bridge 
across the Firth of Tay, the then 
longest bridge in the world with 
84 truss spans. This bridge designed 
by Sir Thomas Bouch was blown 
down by wind, with the loss of 75 
lives. No allowance was made 
for wind in the design of the bridge 
and the specifications at that time 
did not call for any such allowance. 
The work began at that time by 
Bouch on the design for a railway 
suspension bridge across the Firth 
of Forth was taken over by Benja¬ 
min Baker, 

Baker conducted experiments on 
different sizes of wind gauge boards 
in order to overhaul the evaluation of 
wind loads and came to the conclu¬ 
sion that the average force on a large 
surface was less than that on a small 
surface. He designed the Firth of 
Forth bridge for an equivalent wind 
pressure of 4 kg/cm* after comparing 
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the shape factor for a flat plate with 
that of a model of his bridge truss 
suspended in wind stream. 

Giistaf Eiffel constructed the 
300m high Eiffel Tower in 1899 to 
mark the occasion of the Paris Exhi¬ 
bition. In its design he adopted a 
wind pressure of 200.kg/m at the 
base> linearly increasing to 400 
kg/m at the top. He also conducted 
experiments on a model of Eiffel 
Tower. Wind tunnel tests were also 
started with Eiffel, on flat plates. 

The collapse of Tacoma Narrows 
bridge (Tacoma, Washington) in 
1940 and the failure of Ferry bridge 
cooling towers (United Kingdom) 
in 1965 due to wind induced oscilla¬ 
tions provided the impetus for much 
research which has contributed to the 
knowledge of both aerodynamics 
and aerostatic forces. The Tacoma 
Narrows bridge after being in opera¬ 
tion for about a year, was comple¬ 
tely wrecked by a moderate wind of 
velocity 57 km per hour. In the years 



3. Girdw-ftififeiMd Mupmaloa bridge; 
(m) Formatloa of Kaman fordoes, (b) 
Vertical modes, (c) Tondooal modes 


The Beaufort Scale 

T IKE the Modified Mercalli found that this scale gives results 
Scale for earthquakes, there with surprising accuracy. This scale 
exists a scale for estimating wind is given below : 
speeds and their effects. It has been 

No. Beaufort description 

Speed 

Land effect 


{nt p h) 


0 Calm 

under 1 

Smoke rises straight up 

1 Light air 

1—3 

Direction shown by smoke diif 

2 Light breeze 

4-7 

Wind felt on face; leaves rustle 

3 Gentle breeze 

8—12 

Leaves in constant motion; wind extends 



light flag 

4 Moderate breeze 

13—18 

Raises dust and loose paper; small 



branches move 

5 Fresh breeze 

19—24 

Small trees in leaf begin to sway 

6 Strong breeze 

25—31 

Large branches in motion, whistling of 



telegraph wires 

7 Moderate gale 

32-38 

Whole tree in motion; difliculty in walking 

8 Fresh gale 

39—46 

Breaks twigs off trees 

9 Strong gale 

47—54 

Some damage to vegetation and structures 

10 Whole gale 

55—63 

Trees uprooted: considerable damage 

11 Storm 

64-75 

Widespread damage 

12 Hurricane, Cyclone and 

over 75 

Total damage 

Typhoon 




that followed, elaborate wind 
tunnel experiments were conducted at 
the University of Washington which 
revealed that the cause of failure was 
a Karman-Vortex trial on the 1- 
shaped bridge section. The 
eddy frequency of the bridge deck 
on its suspension cables resulting in 
resonance and consequent failure 
(Fig. 3). 

Dynamic wind effects 

Though enormous data is availa¬ 
ble in the static effects of wind, the 
data on dynamic effects of wind is 
still in its infancy. Dynamic wind 
effects on structures fall under two 
major categories, viz., “forced vi¬ 
bration” and “self excit^ vibration”. 
The more common and important 
type of forced vibration on buildings 
is the “inline gust excitation” in the 
direction of the wind and the second 
type is the Karman-Vortex excitation 


in the direction perpendicular to the 
wind. 

Self-excitcd vibrations consist 
of galloping, torsional flutter and 
coupled flutter. Though transmission 
lines are subjected to galloping, buil¬ 
dings are not known to be sensitive 
to these modes of vibrations. Though 
the vortex shedding is well under¬ 
stood, the spectrum method, by 
which stresses due to buffeting by 
gusts are estimated, employs a crude 
mathematical model ot what is a 
very complex system. The results 
given by it probably constitute not 
more than a very rough approxima¬ 
tion to the real situation. Research 
in the area is, therefore, still inten¬ 
sive and no really accurate and com¬ 
prehensive code of practice has yet 
been produced. 

Wind loading on boildlngs 

Any structure built on earth’s 
surface must be capable of withstand- 
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Van Karman Vortex Excitation 


W HEN a Structure vibrates, 
without an external exciting 
force continuing to act on it, it is in 
free vibration and the frequency of 
vibration is the natural frequency of 
the structure. 

When a real fluid flow consisting 
of streamlines at very low speeds, 
flows past a rigid circular cylinder, 
higher speed vortices are formed in 
the wake. The flow pattern depends 
on the value of Reynold to number 
R~Vd/v, where V is the fluid velO' 
city, d is the diameter of cylinder and 
V is the kinematic viscosity of the 
fluid. For a wide range of values of 
R, the vortices arc shed from the cy¬ 
linder in a regular pattern, alternately 
clockwise and anticlockwise from 
either side, as shown in Fig. 4. This 
pattern is known as Von Kirman 
Vortex Street (named after Theodore 
Von K4rmin of California Institute 
of Technology, U.S.A.). The Vortex 


shedding on alternative sides of the 
cylinder causes a harmonic force on 
the cylinder, acting in the direction 
transverse to the flow. Resonance 
occurs when the structural frequency 
coincides with the shedding frequency 
of the vortices. Practical examples 
of vibration of structures excited by 
Karman Vortices include : (a) elec¬ 
trical power lines, (b) submarine 
periscopes, (c) tall stacks, and 

(d) bridges. 

The suppression of vortex excited 
oscillation by aerodynamic means 
can be achieved either by weakening 
the intensity of the vortices or by dis¬ 
rupting the periodicity of their 
formulation. Perforated circular 
shrouds, helical strakes and longitu¬ 
dinally placed slats have been used 
in circular, cylindrical members as 
effective vibration supporcssors at 
subcntical and transitional values of 
Reynold numbers. 



Fig. 4. Vortex structure to leeward of a 
cylinder at different Reynolds 
numbers 

ing the loads imposed on it by the 
weather. The wind constitutes one 
of the major forms of loadings, since 
even moderate winds are capable of 
imposing high forces on structures. 
Hence, building codes usually in¬ 
corporate lengthy sections devoted 
specifically to those aspects of the 
design and construction concerned 
with wind load. The loads imposed 
on structures by wind usually act 
horizontally, and they cannot nor¬ 


mally be resisted by the main struc¬ 
tural system which is designed to 
carry the gravitational loads acting 
Vertically downwards Hence two 
structural systems, one to resist ver¬ 


tical loads and another to resist hori¬ 
zontal loads due to wind, are required 
to ensure the stability of a building. 

The calculation of the load which 
w'ind exerts on a structure involves 
two biaiu.,hcs of science, meteorology 
and aerodynamics. For its calcula¬ 
tion, the maximum wind speed which 
will occur in the vicinity of the struc¬ 
ture during its life time and the 
directions of the pressures produced 
on the surface have to be determi¬ 
ned Fairly comprehensive data are 
available at present on the static 
effects of wind and on the distribu¬ 
tion of pressure over the surface of 
buildings. 

To provide stability against wind 
loads, a few more structural elements 
are necessary in addition to those 
required to resist gravitational loads 
These elements arc knowm as brac¬ 
ings, and because they arc capable 

Fig, 5. Destructloa of a factoo building 
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Fig. 6. Basic maximum wind pressure map, including winds of short duration 


of resisting horizontal loads, the most 
common is the wind load, they are 
often called wind bracings, al¬ 
though other mechanisms such as 
earthquakes or even eccentricities 
due to poor construction may give 
rise to lateral loads on structures. 

It is to be noted that a very 
high wind load is of a rare occurrence 


and the design wind speeds specified 
in most codes of practice may never 
actually occur in the life time of a 
structure. Hence, most building 
codes allow a 25 percent, and some¬ 
times as much as 33 percent, increase 
in the permissible stress for wind 
loading. 

In multistorey concrete build¬ 


ings, shear walls are provided to 
resist the lateral loads. When shear 
walls cannot be accommodated into 
the floor plan of a building, wind 
loads may be resisted by arranging 
the structure as a framed tube. This 
concept was introduced by the fa¬ 
mous engineer Fazlur R. Khan of 
Chicago, U.S.A In this form of 
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construction, which is particularly 
suited to tall, slender buildings, la¬ 
teral rigidity is provided by closely 
spaced columns in the outer walls 
which together form a tube. The tube 
formed by the outer walls acts in 
response to wind loads as a vertical 
cantilever, in which, ideally, the 
windward and leeward walls form the 
flanges, and are stressed in direct 
tension or compression, while the 
side walls act as webs. For tall build¬ 
ings this form of construction can 
be very economic since it is possible 
to achieve an optimum structure in 
which wind loads are contained with¬ 
in the 25 per cent allowable over 
stress. Buildings of this kind have 
been built more than 40 storeys in 
height. 

The response of buildings to the wind 

Tall chimneys and towers often 
have natural periods of oscillation of 
several seconds. For example, the 
Post Office tower in London has a 
natural period of about 6 sec., but 
most ordi.iary buildings are rela¬ 
tively stiff with natural periods of 
less than 1 sec. Hence an ordinary 
building is responsive to short dura¬ 
tion loadings and so will respond to 
short gusts. 

The complete destruction of buil¬ 
dings by wind action does not occur 
often in our country but failures of 
roofs, particularly roof claddings 
(asbestos sheets, tiles, etc.) are com¬ 
mon. Fig. 5 shows the complete 
destruction of a partially completed 
factory building during the recent 
1977 Andhra cyclone. Investigations 
on the maximum gust speeds asso¬ 
ciated with wind damage td roofs has 
shown that some damage occurred 
at gust speeds lower than 30 m/sec. 
Such gust speeds have a return pe¬ 
riod of less than 2 years. It has been 
found that the severity of damage is 
related to location as well as maxi¬ 
mum gust speed. There is a tendency 
tor buildings to be lighter in weights, 
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hence lightweight claddings are used 
as roof coverings and these compo¬ 
nents are most susceptible to short 
gusts. N. V. Nikitiu, the designer of 
the Moscow T. V. Tower reported 
to a congress in 1968 that the design 
figure for the static deflection of the 
tower was 5.8 m corresponding to a 
wind experienced for 1.2 hours in 
one year and the maximum amplitude 
of vibration J.4 m. He expected that 
the maximum deflection of the tower 
would be less. No one felt unpleasant 
vibrations. 

Research in India 

The structural damages to build¬ 
ings due to wind are not well docu¬ 
mented in our country. However, 
much importance has been given to 
wind analysis of structures. The In¬ 
dian Standards Institution in its 
code (IS : 875-1964 -of Practice 
for Structural Safety of BuildinffS ; 
Loading Standards) stresses the need 
for wind analysis. It contains the 
general principles and design criteria 
of buildings, chimneys, roofs, arches 
and butterfly type of structures. The 
Indian Roads Congress Code also 
gives criteria for choosing the wind 
loading on bridge structures. The map 
of India has been divided into three 
basic zones of wind pressures which is 
reproduced in Fig. 6. 

Studies on winds and wind resis¬ 
tant structures are conducted by the 
India Meteorological Department, 
Bhabha Atomic Research Institute 
and educational institutions like the 
Indian Institutes of Technology and 
Indian Institute of Science, Banga¬ 
lore. Many municipal corporations 
insist on detailed computer analysis 
(on wind analysis) for mutlistorey 
buildings. 

Computer programmes have been 
developed by the authors for the 
wind analysts of multistorey struc¬ 
tures, stacks, etc., which can be used 
to predict the deterministic behaviour 
due to winds. Development of com¬ 


puter programmes forthenon-deter- 
ministic analysis of structures is in 
progress and will be ready in due 
course. 

Conclusion 

Inspite of the tremendous growth 
of research in wind engineering, 
there are a number of uncertainties 
about the various stages of design 
due to the random nature of winds. 
However, these uncertainties can be 
overcome by rigorous analysis using 
probability theory and by the long 
term records of wind data. 
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Macmillan Company, New York, 
1964. 

2. Sachs, Peter, Wind Forces in 
Engineering, Pergamon Press, 
Oxford, 1972. 

3. Norris, C. H., Hansen, R. J., 
Holley, M. J., Biggs, J. M., 
Namyet, S., and Minami, J. K., 
Structural Design for Dynamic 
Loads, McGraw Hill, New York, 
1959. 

4. IS: 875-1964, Code of Practice 
for Structural Safety of Build¬ 
ings ; Loading Standards, Indian 
Standards Institution, New 
Delhi. 

5. Macdonald, A. J., Wind Loading 
on Buildings, Applied Science 
Publishers Ltd., England, 1975. 

6. Davenport, A. G., Perspectives 
on the full scale measurements 
of wind effects. Journal of Indus¬ 
trial Aerodynamics, Vol. I, No. 
2, June 1975. 

7. Wind Forces on Structures, 
Final Report, Task Committee 
on Wind Forces, Transactions 
ASCE, Vol. 126, 1961, Pt. II. 
pp. U24-1198. 
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^Good housekeepins^n a factory 
is good fire prevention. 



Cleanllneu and ordar 
are basic to fire prevention. 
Waste, obstructions, ^adly 
stored materials—they 
are all sources of ignition* 
And a Are in a factory 
burns more than Just 
the factory. It can destroy 
your share of the market, 
your goodwill, irreplaceable 
equipment and 
raw material, the livelihoods 
of your employees. Fight 
Are before it Aghts you. 
Prevent It. 




All goods should be stored with aisles 
between stacks, to allow any fire spot to be 
reached. 

Machinery and surroundirvgs must be clean 
Heat from machines can ignite oil te^s and 
cotton waste A newspaper office was burned 
down recently because of this 

Oil should leak into dnp trays, not the floor 
Dispose sawdust, cotton and ali other 
waste m metal cans with lids 

Do not allow packing materials like paper, 
wood, cardboard, polyethylena film to be 
scattered 


I 

I 
I 
I 
I 

1 —. 

LM weleomes your luvo l v o in m t. 
^loooo urrito for dotollo. 




Prevent firO. it eon burn you out of bualnoaa 

Loss Prevention Association of India Ltd 



1 Sponsored by tke genefbl insur«ncc mdusify; 
Wa'rfen Hoijs^ Sir P M aoAd Bomtony 400 001 
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^UMS are polysaccharide hydro- 
'^Colloids (i.c., form colloidal solu¬ 
tions with water) which find use tra¬ 
ditionally in industry for numerous 
purposes as adhesives, emulsifiers, 
stabilisers, lubricants, binders, dis¬ 
persants, suspending and gelling 
agents, film formers, etc. (iums exert 
their eflect even at low concentra¬ 
tions (<0.5%'). They are normally 
obtained from plants and seaweeds. 
Tor example, plant exudate gums 
(gum arabic, gum ghatti, gum tra- 
gacanth, etc.) ; seaweed gums (agar, 


industries. They are consumed in 
large quantities by industry because 
of their low-cost and their remark¬ 
able properties of improving and con¬ 
trolling the qualities of commodities. 
Because of their wide industrial ap¬ 
plications there has been au ever 
growing demand for the gums and 
to meet this demand a new class of 
water-soluble gums known as extra¬ 
cellular microbial polysaccharides 
have been developed, whith can 
compete with and supplement the 
natural gums 


the remarkably high moisture-hold¬ 
ing capacity of polysaccharides en¬ 
ables bacteria to maintain at least 
some moisture in their immediate 
environment even after prolonged 
exposure to low humidity. Also, the 
thick capsule associated with the 
extracellular polysaccharide pro¬ 
duction serves as a physical barrier 
and provides protection against bac¬ 
teriophages. The capsule also pro¬ 
vides partial protection against pha¬ 
gocytosis and amoebic attack. 

Research during the past 20 years 



Mcnnui 

fumoumiks 

a new class of industrial gums 


Research during the past two decades has shown that 
many species of microbes exude gum-like substances 
that have wide industrial applications 


D CHANNE GOWDA 


algin, carrageenan, etc.); seed gums 
(guar gum, locust bean gum, tama¬ 
rind gum, etc.); plant extracts (pec¬ 
tin, larch arabinogalactan, etc.); 
starch fractions and their derivatives; 
and cellulose drivatives are used as 
additives in food, pharmaceutical, 
cosmetic, textile, paper and other 


Polysaccharides that are synthe¬ 
sised by microorganisms and released 
into the culture media are called ex¬ 
tracellular microbial polysacchari¬ 
des. Microorganisms produce extra¬ 
cellular polysaccharides probably to 
protect themselves against adverse 
environmental factors. For example. 


has amply demonstrated that a num¬ 
ber of miorobial species can produce 
extracellular polysaccharides. Such 
polysaccharides produced by care¬ 
fully selected mutatit organisms grow¬ 
ing on low-cost eneigy sources such 
as grain or industrial byproducts 
like molasses, whey, etc., can offer 


Dr. oowda r. lxctu.«r m Chemisiry. Depu. of P.O. Studies & Res«rrch in ChemisUy. University of My«>rek Mysore. 




Fig. 1. Structure of the dextran from Leuconostoc tnesenteroUies NRR B-512 F 


a variety of useful and potentially 
low-cost industrial gums. Several 
microbial gums with widely difl'erent 
properties arc now available, and it 
is likely that more will be found in 
the near future. 

Interest in this new class of poly¬ 
saccharide hydrocolloids stems from 
several considerations such as 
(1) successful performance of several 
microbial polysaccharides in indus¬ 
try; (2) general suitability as food 
additives and as pharmaceutical in¬ 
gredients; (3) economic feasibility, 
as they can be produced from low- 
cost grain or industrial byproducts, 
(4) the need to supplement natural 
plant gums; and (5) synergistic re¬ 
actions of these polysaccharides with 
other gums or food ingredients. 

Although many microorganisms 
produce extracellular polysaccharides, 
only a few' of them can convert 
suflicieni amounts of substrates into 
polysaccharides having properties 
of commercial importance. Among 
a substantial number of ext race! luar 
polysaccharide;* that have been stu¬ 
died in ordei to commcrcalise them, 
only two have had good commercial 
^access, viz., (i) Dextran synthesised 
by Leuconostoc mcscnfcroidcs^RRhy 
B’5I2F strain, and (ii) Xanthan gum 
produced by Xanihantonas canipes- 
tris NRRL B-1459 strain. (C ulture 
collection by Northern Regional 
Research Laboratory, U. S. Depart¬ 
ment of Agriculture, Peoria. Illinois.) 

next ran 

Although several organisms pro¬ 
duce dextrans, only dextrans pro¬ 
duced by Leuconostoc mesentcroidcs 
^rid Leuconostoc dcxtranicum have 
been Commercialised. Dextrans can 
be produced by fermentation of 
sucrose either by whole-culture 
process (fermentation using the 
niicroorganisms as such) or by 
It u re-free process (fermentation 
extracellular enzyme, dextran- 
'‘Ucrase, obtained from the micro- 
^^r^anisms). In the first method. 


suitable pre-cultiircd microorganisms 
are added to the liquid media and 
tcrmentalion is allowed to proceed 
at specified temperature and pH. 
The composition of the media and 
conditions of the fermentation pro¬ 
cess depend upon the type of bacteria 
used. For example, the composition 
of the medium used for the pioduction 
of B-5I2F dextran is sucrose 100 
g/1; yeast extract, 2.5 g/l magnesium 
sulphate heptahydrate 2.0 g/l; di¬ 
potassium hydrogen phosphate 
5.0 g/l. The initial pH is adjusted to 
7.0 and the reaction is allowed to 
proceed at 25‘'C until the pH reaches 
4.8. 

In the second method, production 
of dextran involves two stages. 
In the first stage the microorganisms 
arc made to produce the enzyme, 
dexlransucrase, in an appropriate 


liquid culture medium at specified 
pH and temperature. In the ^second 
stage dextrar. is produced by simply 
combining the cell-free medium 
containing the extracellular enzyme 
with sucrose. This method gives 
an uniform material and has several 
other advantages. It is used nowa¬ 
days for the production of dextran 
Ui the United States, Canada, Swe¬ 
den, and elsewhere from sucrose 
using cxtracclliiar enzyme, dexlrin- 
sucrasc, from / cucona\toc mesen- 
tcioidts strain NRRL B-5I2F. The 
bacterial strain is incubated in a 
medium containing ; sucrose, 2.0 g/l; 
yeast extract, 0.5 g/l tryptone, 
0.25 g/l ; and dipotassium hydrogen 
phosphate, 0.5 g/l; at pH 6.7. The 
dextran is produced by combining 
the suitably diluted cell-free culture 
medium at pH 5.0-5.2 with sucrese. 



Fig. 2. {left) Strains of Leuconostoc niesenieroides with large amount of gummy polysaccha¬ 
ride around the colonies, {right) colonies of Leuconostoc cltrovorum that produces 
little gum {After C.W. McCIcskey, L.W, Faville and R. 0» Barnett) (see p. also) 
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Fig. 3. Xanihomonas species 


and allowing the fermentation to 
proceed at 25'’C-30°C. 

The dextran is recovered from the 
culture media, after appropriate 
dilution and Centrifugation to re¬ 
move suspended impurities by pre¬ 
cipitation with one volume of water- 
miscible organic solvent such as 
methanol, ethanol, isopropanol or 
acetone. Purification is done by 
dissolution in warm water and re- 
precipitation. 

Native dextran, obtai ned as above, 
has a high molecular weight (30-90 
million) which makes it unsuitable 
for clinical purposes. Partial depo¬ 
lymerisation of the native dextran 
by chemical method using controlled 
acid hydrolysis, enzymic depolym¬ 
erisation or by subjecting to ultrasonic 
vibrations, and subsequent fraction¬ 
ation gives a scries of lower mole¬ 
cular weight products which 
are marketed for clinical and 
industrial purposes. Nowadays 
clinical dextrans arc produced di¬ 
rectly by Controlled enzymic synthesis 


Structure and properties of dextran.s 

Although dextrans from different 
bacterial strains differ in their 
physical and chemical properties, 
all are exclusively composed of 
a-D-gluCopyranosyl units. Majority 



of these urnTs (>50%) are linked 
through (1*^6) glycosidic linkages, 
the remainder being(l-^3), 
and/or (1 -^2), 

Dextran dissolves readily in either 
warm or cold water to give a clear 
solution which is stable to sterilisa¬ 
tion by heat, and to freezing and 
thawing. The pseudoplastic nature 
(the measured viscosity of aqueous 
soiution decreases rapidly with the 
increase of shear rate) of 15% aqu¬ 
eous solution of dextran is compa¬ 
rable with 1% soiution of locust 
bean gum. Dextrans arc digestible 
and undergo metabolism in the body 
when fed to man or animals. Be¬ 
cause of these properties, dextran 
is widely used in food and pharma¬ 
ceutical and other industries. The 
Food and Drug Administration in 
U. S. A. has recommended the 
unrestricted use of dextrans having 
molecular weight >100,000 in food 
and pharmaceutical industries. 

Uses of dextran 

Dextran and its derivatives find 
over 300 clinical applications, but the 



by suitably adjusting the composition pjg 4 star-shaped Tlocs’ of Zoogloea rantgera in broth enttnre, (B) ElectnNunicrofp^ 
of the culture medium. showing a cell of Zoogloea species {After K.T. Crabtree) 
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Fig. 6. Bacillus pohmyxa {After R. G. Kyckoff and A. K. ter l-oow) 


most important of these is as a 
blood volume extender. Native dex- 
tran with high molecular weight is 
unsuitable. For this purpose, dex- 
trans with molecular weight between 
40,000 and 70,000 arc used. The 
biological effect of dextran depends 
on its molecular weight. The U. S., 
Swedish and British pharmacopeia 
specify dextrans with average mo¬ 
lecular weight of 75,000. Dextran is 
used as an antilipemic (fat reducing) 
agent. Intravenous injection of dex¬ 
tran lowers the cholesterol and total 
lipid levels in atherosclerotic patients. 
As a cryoprotective agent it inhibits 
cell damage on freezing. Other 
clinical uses of dexJran are: as sus¬ 
pending agent in X-ray opaque 
compositions; as stabilising agent 
in water-insoluble vitamin prepara¬ 
tions; and as binding agent in tablets. 
The sulphate derivative of dextran 
is used as an anticoagulant and 
artfilipemic agents and in the 
treatment of simple goitre and peptic 
ulcers. Its phosphate is used as in¬ 
hibitor of peptic activity; hydroxy- 
alkyl ethers are used as blood 
plasma extenders with improved 
St orage qualities; carboxymethyI ether 
is used as auxiliary binding substance 
in tablets, as a Carrier in antibiotics, 
and as encapsulating substance in 



S. Azotobacter yinelaniii^ a common 
bnctw^iHii of tho toy 
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microcapsules of menthol, aspirin, 
etc. The chloral dextran complex, 
is used to suppress stomach irritation. 
The iron-dextran complex is used 
in the treatment of iron deficiency 
anemia. 

In food preparations dextran is 
used in syrups and Candies to improve 
moisture retentivity and to inhibit 
Crystallisation; in jelly confections 
as gelling agent; in ice cream to pre¬ 
vent shrinkage and ice formation; 
in icing composition as stablising 
agent; in pudding composition as 
bodying agent; and in the prepara¬ 
tion of bread to improve loaf volume, 
moisture retention and shelf life. 
Carboxymethyl dextran is used as 
fruit syrup thickener and ice cream 
stabiliser. 

In industry dextran finds a wide 
variety of applications. It is used as 
an additive for drilling fluids in oil 
drilling, and in drilling muds as 
protective colloid. It also finds use 
in alumina manufacture as a 
sedimentation agent, in purification 
of caustic soda to remove iron in 
the form of iron-dextran complex; 
and in nuclear fuel production as a 
complex! ng agent. Dextran triacetate 
us used as film former. Its stearates 
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and palinitates are used in the pre¬ 
paration of ‘chemical gloves’ which 
are insoluble in water but soluble in 
non-polar solvents. 'These derivatives 
also find use in waterproofing 
fabrics, and in improving cohesion 
of polyethylene coating to metal 
surfaces. Dextran sulphate is used 
in photographic emulsions with in¬ 
creased covering power. Dextran 
nitrate or nitrate-sulphate is used 
in gelled propellants and explosives. 
Carboxymethyl dextran is used as a 
latex stabiliser; in water-emulsion 
paints; in the preparation of water- 
soluble films for packaging of deter¬ 
gents, soaps, foods; and in the pre¬ 
paration of aqueous gels and organo 
gels. 

Use of dextran has been suggested 
as a soil conditioner. Certain dex¬ 
tran products when added to the 
soil enhance seedling emergence 
and increase plant growth and crop 
yields. Dextran can also be produ¬ 
ced in the soil by the addition of 
appropriate organisms Dextran with 
molecular weight greater than one 
million improves porosity in spil, 
water retentivity, and resistance to 
erosion. Carboxymethyl dextran is 
used as a carrier in pesticides and 
germicides, and as a soil conditioner. 
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Fig. 7. Structure of the repeating unit of xanthan gum from Xanthomonaa campestris 


Xanthan gum 

Among more than 100 species 
of Xanthomonas known^, only a few 
species, viz., Xanthomonas campi^s- 
triSy X. phaseoli, X. ntalvaiearumy 
and ,V. carotac are reported to be 
good producers of extracellular 
polysacharides. Of these, the 
polysaccharide B-1459 (popularly 
called xanthan gum produced by 
A", campestris biRRL EV-1459 strain) 
has the most interesting properties 
and IlnJs potential industrial appli¬ 
cations. The polysaccharide is com¬ 
mercially produced by aerobic fer¬ 
mentation at 28"C in a medium 
Containing‘2.5%“3%' of D-glucose, 
sucrose or other carbohydrates as 
carbon source, a protein, and an 
inorganic nitrogen source such as 
ammonium chloride, 0.5% dipotas¬ 
sium hydrogen phosphate, and 0.01 % 
magnesium sulphate heptahydrate. 
The initial pH is adjusted to 7.0 and 
during the fermentation the pH is 
held at 6 - 7 . 5 . Maximum gum pro¬ 
duction is obtained in a period of 
2-4 days. Gum is recovered from the 
fermentation beer, after appropriate 


dilution and centrifugation to remove 
bacterial cell and suspended impurities, 
by precipitation with a water-miscible 
solvent such as methanol, ethanol 
or isopropanol. The recovered xan¬ 
than gum is dried, milled and blen¬ 
ded to specifications. The production 
of xanthan gum is genetically cont¬ 
rolled both with respect to compo¬ 
sition and molecular weight. 
Thus a product of outstanding uni¬ 
formity is obtained. Xanthan gum 
is now available in a number of 
commercial grades for industrial 
applications. 

Structure of xanthan gum 

Xanthan gum is an acidic poly¬ 
saccharide with a molecular weight 
morethana million (4-20 million). It is 
composed of D-glucose, D-mannose, 
and D-glucuronic acid in the molar 
ratio 2:2:1 and contains 4.7% 
of (9-acetyl groups and 3% of acctal- 
linkcd pyruvic acid. The polysac¬ 
charide is made up of a pentasaccha* 
ride repeating units with the struc¬ 
ture shown in Fig. 2. The primary 
structure of xanthan gum is comb¬ 


like, with a high molecular weight 
backbone of (l-^4) linked B-D- 
glucopyranose, as in cellulose, but 
with a three-sugar side chain attached 
at C-3 to alternative glucose residues. 

Properties of xanthan gum 

Xanthan gum dissolves readily 
in either hot or cold water to give 
high viscosity solutions at low con¬ 
centrations; at higher concentration 
a gel is formed. The viscosity of 
aqueous solution is nearly independent 
of temperature over a wide range 
(between 10"’C and 70°C) and of pH 
(between pH 6 and 9). The measured 
viscosity of aqueous solutions of 
xanthan gum decreases rapidly as the 
shear rate is increased andtliasit is 
highly pseudoplastic. Xanthan gum 
has good compatibility with high 
concentration of a wide range of salts. 
Compatibility of xanthan gum with 
food grade salts and acids is usually 
good. Aqueous solutions of xanthan 
gum on evaporation give strong 
films which adhere strongly to glass 
and many metal surfaces. Deacety- 
lated xanthan gum forms stronger 
and more flexible films than the native 
polysaccharide. Solutions, emulsions 
and gels containing xanthan gum 
have excellent freeze-thaw resistance. 
The gum when mixed with locust 
bean gum shows a unique viscosity- 
increasing and gelation effect. When 
used as a food ingredient, it gives 
a good mouth feel and flavour 
release. The suspending and dis¬ 
persing ability of xanthan gum is 
as good as most other hydrocolloids. 
These remarkable properties of 
xanthan gum are the basis for its 
numerous applications in industry. 

Uses of xanthan gum 

Xanthan gum is used in bevC' 
rages to enhance the mouthfecl and 
flavour release, and as a suspendini' 
agent to obtain desirable cloud and 
pulp in some of the drinks. It is 
used in canned foods as emulsion 
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stabiliser and suspending agent, 
and in the preparation of bread to 
obtain desirable loaf volume, crumb 
texture and crust quality. Xanthan 
gum-locust bean gum gels are used to 
prepare excellent instant puddings. 

In industry xanthan gum is used 
as a textile print thickener; additive 
in drilling fluids; emulsifier in latex 
emulsion paints; suspending agent 
in ceramic glazes; and as suspending 
and emusifying agent in cleaners 
and polishes. But the most impor¬ 
tant use of xanthan gum is its use 
in viscous water flooding to achieve 
maximum secondary recovery of 
oi! from oil wells. For this purpose, 
no other hydrocolloid is as versatile 
as xanthan gum. 

Apart from dextran and xanthan 
gum, several other extracellular 
microbial polysaccharides have been 
studied for their possible industrial 


applications. But none of them have 
been conunercialised because either 
their yield is low or their properties 
do not compete well with other 
gums. Some of the bacteria which 
produce water-soluble gums are 
Arthrobacter viscosus NRRL B-1973, 
Alcaligenes viscosus B-182, Zoogloea 
ramig^ra B-3669, Hansenula holstii 
Y-2448, Cryptococcus laurentii var 
flavcscens Y-1401, ^ac^Uus polymyxa, 
Azotobacter vinelandiiy etc. T’he gums 
produced by these bacteria are not 
commercialised because of the above 
mentioned limitations. 

The excellent performance of 
xanthan gum and dextran is highly 
promising for further exploration of 
new extracellular microbial poly¬ 
saccharides as water-soluble industrial 
gums which can compete with natural 
gums. Unfortunately in India no 
work seems to have been done in this 
field. 


Further reading 

1 . Whistler, R. I and BeMiller, 
J. N., Eds., Industrial GwnSy 
Academic Press, New York 
and London (1973). 

2. Jeanes, A., Extracellular mic¬ 
robial polysaccharides; New 
nydrocolloids of interest to the 
feed industry. Food Techno¬ 
logy; zS (5): 34-40 (1974). 

3. StautVer, K. R. and Lceder, 
J. G., Extracellular microbial 
polysaccharide production by 
fermentation on whey or hy¬ 
drolysed whey, Journal of Food 
Science] 43 : 756-758 (1978). 

4. Janssen, P.. Kenne, L. and 
Lindberg, B., Structure of the 
extracellular polysaccharide 
from Xanthomonas camptstrisy 
Carbohydrate Research y 45 : 
275-282 (1975). 
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GEIGER COUNTING SYSTEM 


Features of excellence 

• Extensive use of Integrated 
Circuits 

• Six-in-line seven segment 
LED display devices 

• Regulated, variable EHT 
supply 

• EHT check point 


The CCS 4000A is a counting 
system for use with various 
types of GM Detectors. 

The counts are displayed by 
six numbers of seven segment 
LEDs. In addition to routine 
counting work in laboratories, 
the system would be useful for 
imparting training to students 
in teaching institutions. 

In spite of its sophisticated 
technology, it has been 
deliberately priced low to 
enable educational institutions 
and labs to purchase it. 


For further details write to: 

ELECTRONICS CORPORATION 
INDIA UMITED 

instrument.s Marketing Group 
Hyderabad 500 762. 

Branches/ Phones 
Bangalore • Bombay • Calcutta • Madras • New Delhi 
33927 457760 240273 311007 


GCS 4000A 

Accessories at extra cost 

1) GM Detectors 

2) Lead Shield 

3) Geiger Tube Stand 

4) Beta and Gamma Reference 
Standards 

5) Aluminium Absorbers 

6) Stainless Steel Planchet$ 
and Source pans 



CASfClL-M-10» 


SCIENCE B|||g§TER 


102 


FEaauAinriM 












ECIL Offers: 

two advanced Liquid Scintillation 
Systems for research applications. 

Here are highly advanced Liquid Scintillation Systems 
as only ECIL could give you. Their highly reliable 
performance makes them indispensable in low energy and 
low active beta counting; radio tracer techniques in 
Biology, Biochemistry, Agriculture, Cancer Research- and 
also in industrial research for Petroleum products 



electronics corporation 

OF INDIA LIMITED 
Instruments Marketing Group 
Hyderabad 500 762. 


Liquid Scintillation 

System LSS 20 

Salient Features; 

• Solid state modular 
construction 

• Ambient temperature 
operation 

• High performance counting 
of Tritium and C l 4 

• Use of fast coincidence 
circuits 

Automatic Liquid Scintil¬ 
lation System LSS 34 

Salient Features: 

• Solid state modular 
construction 


• Ambient temperature 
operation 

• 100 sample capacity 

• Manual, automatic and 
repeat counting modes 

• Pulse summation and 
logarithmic amplification 

• Two independent channels 

• Simultaneous assay of 
two isotopes 

• Sample number display 

• Preset time/preset count 
modes of operation 

• Digital printer read out 
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Potentiometric Strip Chart 
Recorder from ECILi 


CR S8SS is a single channel 
null balancing type recorder 
which ensures accurate 
permanent records. This has 
been specially designed to 
suit laboratory environment. 

Features of excellence 

• Compact, rugged and light 

• Any disposable micro-tip pen 
can be used for writing 

• Wide input range of mV 
to lOV 

• All speeds are 
electronically regulated 

• Selectable speeds; from 
O.S cm to 20 cm 
per minute/hour 



ELECTRONICS CORPORATION 
OF INDIA UMITEO 

Instruments Marketing Group Hyderabad 500 762 
Branches/ Phones 

Bangalore • Bombay • Calcutta • Madras • New EkiKi 
33927 457760 240273 442296 311007 
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Film badge—a personal monitor 
for radiation exposure 


^HE growing use of radioactive ma- 
^ tcrials and other radiation sources 
for human welfare in the field of 
medicine (diagnostic and treatment), 
agriculture and industry gives 
rise to problems concerning personnel 
safety. It, therefore, becomes essential 
to monitor routinely the personnel 
working with these sources to ensure 
that they are working within the safe 
limits, keeping in view the long and 
short term deleterious effects of radia¬ 
tion exposures. 

The Division of Radiological Pro¬ 
tection (DRP), Bhabha Atonuc Rese¬ 
arch Centre conducts the monitoring 
programme covering all the atomic 
energy establishments in the country. 
Apart from this, there are some 2000 
institutions involving 15,000 radiation 
workers covered under this pro¬ 
gramme using film badges. The film 
badge provides a reliable and per¬ 
manent record of personnel exposur¬ 
es for legal purposes as well as expo¬ 
sure statistics. Additional advantages 
of film are its small size, ruggedness, 
low cost and simultaneous recording 
of more than one type of radiation. 
This badge is worn by the worker on 
the chest level (Fig. 1) thereby giving 
an estimate of the wholebody dose. 


The badge is also worn on wrist by 
the radiation worker to estimate the 
dose to the hand at the time of fluoro¬ 
scopic examinations of patients as well 
while working with discrete sources. 

The film badge developed by DRP 


consists of two rectangular plastic 
(polyvinyl chloride) pieces encased m 
stainless steel (4.5 cm x 3.5 cm) 
frames hinged together in which a 
special photographic film is sand- 
witched. Each piece has a set of five 
filters: I mm Cd, 1 mm Pb, 1 mm Cu, 
0.15 mm Cu and I mm plastic, and 
an open window as shown in Fig. 2. 
A portion 5x5 mm* is cut off from 
the rear lead filter corresponding to 
which there is an opening in the 
stainless steel frame also. 

The rationale in the use of the 
filters is the desirability of identifying 
the type of radiation to which the 
film has been exposed. In addition, 
there is need to identify the quality 
of the radiation. Such identification 
of quality of radiation as well as the 
type of radiation enables assessment 
of individual components of the dom 
to be done more accurately. It is 
extremely important, in case of exces¬ 
sive exposures, that the type or types 
of radiations involved should be 
identified so that details of accidental 
exposure is accurately reconstructed 



Fig. 1. Radiation worker in the dtagaoitic room. The arrow shows the film badge he 
wearing 
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and approprialc corrective action taken 
to avoid incidence of such exposures 
subsequently. 

The Kodak Radiation Monitoring 
film (41 mmx 31 mm) is being used 
used for monitoring purposes. 
This film is specially designed for 
monitoring radiation exposures of 
individuals. From the processed film> 
an adequate assessment of a very 
wide range of exposure to radiation 
is made. This is achieved because of 
the coating of two emulsion layers of 
different sensitivities, one on each 
side of the film base, usually cellulose 
acetate. Both emulsions are used to 
measure small amounts of radiation 
exposures. When large doses are 
to be measured, the more sensitive 
emulsion is scraped from the film 
base after processing, leaving the less 
sensitive emulsion intact. 

Over the emulsion surface, there 
is a very thin protective gelatin layer 
of thickness about 0.5 microns. Gela¬ 
tin in the emulsion supports the grains 
permanantly and permits ready access 
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for processing chemicals to the grains. 
It also plays an active part in the photo¬ 
graphic process as its composition 
influences the sensitivity of grains 
and also takes part in energy transfer 
to the grain. The incident radiation 
transfers some of its energy to 
the silver bromide crystals thereby 
raising the energy of one or more 
electrons into the conduction energy 
band of the crystal. These electrons 
travel through the crystal until trap¬ 
ped in the impurity centres in the 
crystal lattice. The electrostatic poten¬ 
tial set up about these centres attracts 
the very small fraction of silver ions 
in the Crystal which are free to migrate. 
Under continuing exposure, these 
two processes will continue until 
silver clumps, containing several 
silver atoms each, are distribu¬ 
ted in the crystal. They are called 
latent images. During development 
process, these clumps catalyze the 
chemical reduction of the remainder 
of ionic silver in the grain to metallic 
silver. The developer serves mainly 
as a reducing agent. The metallic 


silver gives rise \o actual blackening 
of the film. The more the radiation 
exposure the deeper is the blackening. 
Blackening below various filters is 
measured and compared with the 
calibrated films and the quantity of 
exposure is estimated. 

The badge is capable of mointor- 
mg exposures to thermal neutrons 
as is the case with personnel working 
around a nuclear reactor. The 
film area under the cadmium filter 
is made use of. Thermal neutrons 
produce a density under cadmium 
through gamma rays produced in the 
(n, r) reaction. Any 

excess density observed under the 
cadmium filter over that expected 
from the gamma dose received by the 
person is attributed to thermal 
neutrons. 

For fast neutrons, Kodak neutron 
monitoring type-A film mounted ir 
a polythene bag is used. The fast 
neutron dose is evaluated from the 
number of proton recoil tracks per 
unit area of the developed film. The 
recoil proton tracks are produced 
due to the elastic collision of neutrons 
with hydrogen atoms in the emul¬ 
sion, the film base and the paper 
wrapping. These proton tracks are 
counted under high magnification by 
optical microscopes. 

All the institutions covered under 
this programme are supplied with 
the requisite number of films by DR 
P aJongwith one or more control 
films every month. The control film 
is kept at a radiation free place where 
radiation workers keep their 
badges after doing their routine radia¬ 
tion work. These films are returned 
along with the control film. This 
control film, after development, 
provides information about the 
radiation background which is used 
for correction purposes of the actual 
exposures. 

The exposed films are processed 
in batches of 1000 along with a set 
of calibration. films, under standard 
conditions. The optical density on 
each developed film is mcasupsd and 

FEBRUARY 1980 




SCIENCE SPECTRUM 


compared with that oi the calibra¬ 
tion film. ThuSa the dose of the indivi¬ 
dual is estimated. 

The dose records of the personnel 
are sent to their respective institu¬ 
tions and arc properly maintained at 
DRP also. In case a person has 
received a dose higher than that 
specified by the International Commis¬ 
sion on Radiological Protection, the 
institution authorities arc informed 
about it, in order to keep him off 


the radiation work for apropriale 
time. The service is in vogue for the 
last twenty years in the country. 

S. J. Supt 

Divi^on of RcuiiologkaJ Protection 
BARC\ Bombay 
S. K. Kaul 
Physicist^ Medical College 
Srinagar {Kashmir) 
P. H. Paiei 
Film Badge Service 
BARC, Bombay 


Wool and its chemistry 


W OOL is an animai fibre. It 
is similar in origin to a number 
of mammalian epidermal tissues like 
horn, hoof and nails. Chemically, 
wool IS a protein -keratin. 

Like ail other proteins, wool is 
also made up of amino acids. The 
amino acids are joined end-to-end 
in the form of peptide chains to 
form long-chain molecules. These 
polypeptide chains a^c joined in 
chains through cross-linkage which 
give wool many characteristic struc¬ 
tural and tensile properties. Poly¬ 
peptide chains in wool occur normally 
in folded form and these chains 
can be unfolded on stretching the 
fibre. The folded form of this fibre 
is designated as alpha-keratm and 
the extended form as beta-keratin. 
Two sulphur containing ammo acids 
found in wool as well as m other 
keratins arc cysteine and methionine. 
Many of the physical and chemical 
properties of wool are due to the 
disulphide bonds formed by covalent 
cross-linking of the amino acid re¬ 
sidue cysteine. Any chemical that 
weakens or destroys disulphide bonds 
niay cause structural breakdown 
of the fibre. 

Many other acidic and basic 
side chains are also present in the 


polypeptide chain of wool. The pre¬ 
sence of these side chains cause the 
formation of "salt-linkage’ which 
arc responsible for the amphoteric 
nature of wool, i.e , it behaves both 
as acid and base. The peptide chains 
are held together also through 
hydrogen bonding which are res¬ 
ponsible for elastic properties of 
individual wool fibre. Electron 
microscopic examination of wool 
fibre has revealed that polypeptide 
chain in wool arc in the form of a 
helix. 

Dry wool fibre swells when 
placed in water, the degree of swel¬ 
ling depends on such factors as the 
temperature of water and strain on 
the tiore. In cold or lukewarm water 
the fibre swells about 10% in dia¬ 
meter, but on drying the fibre usually 
returns to its original si/e. This 
recovery is thought to be due to 
reversibility of hydrogen bonding 
transformation. This explains the 
important property of elasticity of 
wool. Fibres dried in extended 
state do not recover their original 
si/e. if sodium bisulphate solution 
is used, permanent pleating may 
be achieved due to the formation 
of the disulphide bonds in new 
positions 


When wt'ol is healed in dry air 
aV lOO C to 105 C' over a long 
period, it loses moisture and the 
fibres become harsh, if returned to 
moist air, the fibre rapidly reabsorbs 
moisture and regains its softness. 
Wool, when burnt, emits a charac¬ 
teristic odour like that of burning of 
hair or feather, probably due to the 
presence of nitrogen in the keratin. 
The vapoui coming off during burn¬ 
ing has an alkaline reaction and 
probably contains ammonia. Alth¬ 
ough II burns, wool is fire resistant. 
When removed from the flame, wool 
fibre assumes a knob or charred 
gobule on its end but docs not 
continue to burn 

Oxidising agents like hydrogen 
peroxide, potassium permanganate, 
potassium dichromate, chlorine di¬ 
oxide attack cysteine disulphide 
bonds, resulting in decreased sulphur 
content, strength and fibre weight. 
The main u.sc of oxidising agent is in 
bleaching Hydrogen peroxide is 
the most common bleaching agent 
used for bleaching v^ool and gives 
the best permanent white. 

When wool fibre is exposed to 
light in presence of water, reaction 
between water and cysteine linkage 
takes place. This photochemical 
reaction is responsible for the yellow¬ 
ing of woollen fabric. So, white wool¬ 
len garments should not be dried in 
bright light 

Wool IS more hygroscopic than 
other textile fibres. This charac¬ 
teristic confers a numbe^' of advan¬ 
tages on wool as a clothing and 
furnishing tabric. The actual mecha¬ 
nism of water uptake by wool is ill 
defined. Initial absorption of water 
is believed to be due to a chemical 
process where heat is released. The 
heat raises the temperature of wool 
and lowers the relative humidity in 
the immediate vicinity of the fibres. 
This has a stablising effect on the 
relative humidity. 

The association of anions of 
strong acids with w'ool are fully 
reversible, and the wool in combin- 
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mg with acid sutlers iu> permanent 
alterations. But at high temperatures^ 
the main peptide chains of wool aie 
hydrolysed by strong acids and under 
prolong treatment may result in 
breakdown of wool fibre into its 
constituent amino acids. Degrada¬ 
tion of wool by treatment with al¬ 
kaline solutions is one of its most 
characteristic chemical properties. 
Such degradation is associated with 
the instability of the cysteine disul¬ 
phide bonds towards alkalies. So 
in general, whenever woollen fabrics 
are treated with alkaline solutions, 
care should be taken U) give the 
fabric a most thorough washing in 
order to remove as much alkali as 
possible. Certain acid treatments 
may also be useful to facilitate this 
removal. If this is not done, alkali 
spots may form after drying, storing 
and may also result in weakening 
and discolouration of the fabrics. 


Because ol the large number 
and wide variety of functional groups 
present in wool, it is probably the 
most reactive of all textile fibres to¬ 
wards dyestuffs. The central portion 
of the fibre called orthocortex is 
heavily dyed with basic dyes. This is 
surrounded by a portion called 
paracortex which is chemically less 
reactive. Wool fibres also possess 
more affinity for anions. The process 
of dying also depends on the rate 
of attainment of equilibrium between 
ion exchange process. The few basic 
dyes which are used to dye wool 
(e.g., methylene blucandthe Rhoda- 
mines) are usually applied in a 
neutral or weakened solutions to 
reduce alkali damages. 

Rishendra Verma 
Department of Bacteriology 
College of Veterinary Science 
Mathura {U.P,) 


Bioacoustic control of 
bird pests 


S MALL areas of crops can be 
efTectively protected fiom bird 
damage with fishnets which have 
become fairly popular in home 
gardens. For large-scale cultivated 
crops this solution is neither prac¬ 
tical nor economic. Methods most 
frequently employed by farmers arc 
scaring by yelling, beating empty 
metallic tins, pelting stones with 
local devices called gophans and 
putting models of hawk and man's 
effigy in the field. But their effi¬ 
cacy is limited by the rapidity with 
which birds become accustomed to 
them. Chemical repellants used so 
far are not satisfactory. Moreover, 
pesticides raise residue problem 
causing contamination and pollu¬ 
tion 



Almost all living beings respond 
to sudden loud sounds. From the 
housewife who shouts and claps 
her hands to scare the crows to the' 
farmer who beats empty metallic 
tins to disperse the bird pests dama¬ 
ging the crop, all utilise sound for 
food protection. These- loud sounds 
may be effective only for short dura¬ 
tions since birds usually become used 
to them after some time. 

Communication signals 

The discovery of the tape recor¬ 
der for recording, storage and deli¬ 
very of communication signals has 
opened a new branch in bioacoustics 
for the study of control of bird 
pests. The method has three advan- 
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tages over the usual noise-producing 
devices such as percussion instru¬ 
ments, empty metallic tins, fire¬ 
crackers and acetylene explosions : 

(i) Communication signals are 
effective at low intensities above the 
noise level; (ii) As reactions are 
instinctive habituation is usually 
slow; and (iii) Signals may be spe¬ 
cific to drive away only one species 
or non-specific dispersing a wide 
variety of species. 

Bird calls can be classified as 
follows : 

(i) Pleasure calls, (ii) Food 
finding calls, (iii) Assembly calls, 
(iv) Nest calls, (v) Mating calls, 
(vi) Flight calls, (vii) Territoi'al 
defense calls, (viii) Aggressive calls, 
(ix) Fretting calls, (x) Distress 
calls, (xi) General alarm calls, and 
(xii) Specialised alarm calls. 

Alarm and distress calls have 
significant role in dipersing ^he bird 
pests from food areas. Distress calls 
are the communication signals emit¬ 
ted by birds when they are in dis¬ 
tress or otherwise restrained. Brough¬ 
ton designates desperation calls of 
adult birds as distress calls and the 
signals of juvenile birds when distur¬ 
bed, hungry, etc., as fretting calls. 
Alarm calls are emitted by free birds 
when they obscive a piedator or 
some other alarming circumstance. 
Generally alarm calls are sharp 
variously repeated notes, disconti¬ 
nuous in emission, restricted in fre¬ 
quencies and clearly patterned in 
time. Frequency of the alarm call 
depends upon the type of threat and 
species. Birds, merely disturbed, 
emit low intensity slow-paced calls 
while the same birds under severe 
threat shriek with sudden excitement. 

The behaviour of bird pests to¬ 
wards distress or alarm calls varies 
with the species. Starlings are repelled 
by broadcasts of their distress sig¬ 
nals. French corvids are first attrac¬ 
ted to the source of signal and later 
disperse separately. Gulls of a number 
of European species show the same 
type of response. In England some 
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hMiJ> like Oystercatchers are atlrac- 
led by distress calls and do not dis¬ 
perse. Some birds like Laysan Al¬ 
batrosses do not respond at all to the 
distress calls. A series of experiments 
conducted by American and French 
wofkers have revealed the existence 
of dialects in the language of birds. 
At Maine, gulls responded towards 
their recorded distress calls whereas 
the same species in Holland did not 
react towards the same calls. 
It shows the differences in dialects 
among geographically isolated popu¬ 
lations of the same species. Since the 
responses of birds to the distress and 
alarm calls vary with the species, 
they should be studied under field 
conditions to assess their effecti¬ 
veness. 

In 1953 Frings and Jumber con¬ 
ducted the first experiments to dis¬ 
perse the starlings from their tree 
roosts in urban area by using 
records of starling distress calls. 
The results seemed to be promising 
though there was slow habituation. 
They observed that ‘the distress call 
seems to be quite spe6ies-specific.’ 
In 1967 Pearson et al. observed that 
starlings were not habituated to dis¬ 
tress calls and grackles were also 
dispersed by the starling’s distress 
calls contrary to the findings of Frings 
and Jumber. Bunsel and Giban de¬ 
monstrated that corvids could be 
dispersed from food areas by re¬ 
producing their distress calls. In 
Germany, Switzerland, America and 
France scientists obtained cxcelient 
control of starlings and black-birds 
in urban and agricultural problem 
areas. In Holland and Britain, gulls 
were controlled at airports by broad¬ 
casts of their distress calls. At present 
bioacoustic method is an effective 
tool to disperse birds at airports in 
most of the countries. 

In India, bioacoustic control of 
bird pests is in initial stages. Since 
1978 such studies have been under¬ 
taken in the scheme for biology and 


control of bird pests at Andhra 
Pradesh Agricultural University, 
Hyderabad. A series of experiments 
have been conducted in the Agricul¬ 
tural research fields to disperse 
baya weaver birds from their roos¬ 
ting bush. About 350 of them were 
causing heavy damage to the sur¬ 
rounding experimental paddy fields. 
Amplified distress calls were sounded 
in evenings when bayas returned to 
their roosts. The experiment was 
repeated at irregular intervals of two 
to seven days to overcome habitua¬ 
tion. Bayas were first attracted to¬ 
wards the source of signals and later 
dispersed in groups. The number 
of bayas gradually decreased up to 
thirteen days and finally no single 
baya was seen arriving at the night 
roost. The response of the Indian 
bird pests such as parakeets, spar¬ 
rows, bayas, crows, pigeons and 
munias towards alarm and distress 
calls is yet to be studied in detail. 

Recording of distress and alarm calls 

The recording equipment—micro¬ 
phone, pre-amplifier and recorder— 
should be capable of recording fre¬ 
quencies of atleast 50Hz-40,000Hz, 
have high signal-to-noise ratio and 
be very sensitive to transients. The 
frequency specification upto 40,000 
Hz is imposed to cover ultrasonic 
frequencies in bird calls. Such re¬ 
cording equipment is expensive and 
is not easily available in the market. 
The bird should be at lc4st one meter 
away from the microphone while 
recording, otherwise the microphone 
overloads and distorts the signals. 
Distress calls can be recorded in 
laboratory by gently squeezing the 
neck of the bird. For efficient recor¬ 
ding of alarm calls in fields a para¬ 
bolic reflector should be used to eli¬ 
minate stray noises. It serves to 
receive as many weak alarm signals 
as would be collected by the ordinary 
microphone from the close source 
ot sound. In Germany, Reich et al 
were initially unsuccessful in starling 
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coiiwoL C rcni/. t 7 al. showed laici 
that earlier failures were the result 
of low fidelity of the recording 
equipment. 

For successful bioacoustic 
control experimental trial of birds 
the following factors are important. 

(i) Identification of the bird pest 
and other species associated with 
them; 

(ii) Nature of the problem (roos¬ 
ting, feeding, resting, etc.); 

(iii) Size of the areas to be pro¬ 
tected ; 

(iv) Size and composition of the 
flock; 

(v) Period of protection of the 
crops; 

(vi) Environmental conditions 
(weather, etc.) 

(vii) Behaviour pattern of the 
bird pest and other associated 
species; 

(viii) Factors that could inter¬ 
fere with application of sounds (back¬ 
ground noise, activities of persons, 

etc.); 

(ix) Proper intensity and high 
fidelity of the communication sig¬ 
nal; and 

(x) Effective time intervals bet¬ 
ween displayed signals to overcome 
habituation 

Even for long periods of control 
no habituation of the birds to their 
communication signals has been re¬ 
ported. TTie few reported cases of 
habituation were realised later to be 
due to defects in the recording and 
reproduction systems of the com¬ 
munication signals. Bioacoustic con¬ 
trol of bWds is an efficient method for 
protection of crops and dispersal 
of birds from airports and urban 
roosts. The method is pollution free 
and leaves no residual problems as 
in the case of pesticides. 

S. T. P. V. J. SWAMY 
Ornithology Scheme 
A.P. Agri. Univ., Rajertdranogar 
Hyderabad 
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Plant insecticides 


W E are all aware of the fact that placed in the group “Rotenoids’’ 
plants are important to us: they obtained from the roots of the gene- 
provide us with food, shelter, cloth- ra DerriSy Lonchocarpus and Teph- 
ings and medicines. Apart from these rosia. Roots of “devil’s shoe-string” 
important uses, they are of insecti- {Tephrosia virginiana) contain rote- 
cidal value too Plant insecticides are none. It is effective against fleabeet- 
of low mammalian toxicity and never les, blossom weevils, aphids, apple, 
harm the predators in the food chain, suckers and caterpillars. In the East Fig. 1. Milletia %p. twig with inflorcsceBce 
Romans and Chinese used na- Indies and South America, powdered 

turally occurring insecticides from roots of leguminous shrubs such as practices like spraying of the water 
plants and animals. Natives of the Derris elliptica arc used as the source extracts of tobacco stems, ieaves, 
tropics used leguminous plant pro- of rotenone in pest control. Extracts etc., for* pest control are still preva- 
ducts as stupefying agents in fishing, of Derris roots mixed with Pyre- Icnt.Anotherpracticewidelyfollow- 
Chinese were the first tf» discover the thrum are also used as insecticidal ed in India, especially in rural 
value of Derris {Dcrri.^ ellipiica and sprays. Rotenone is not harmful to areas, is the application of ground 
Derris malaccenisis) as an effective man. tobacco for plant protection. Nicotine 

insecticide. In India, plant products Plants belonging to the “Solana- sulphate, a commercial compound 
have been used as insecticide since ceae” or “potato family” are also obtained by the action of nicotine 
ancient times. Their use can still be promising insecticidal plants The with sulphuric acid, is used as a contact 
observed in the rural and tribal active principles in these plants are spray. Nicotine is highly volatile, its 
areas. alkaloids called “Solanaceous alka- conversion into the sulphate lowers 

Chemical substances like alka- loids”. Anabasine is obtained from its volatility. Nicotine sulphate 
loids and isoflavonoids present in the tree tobacco {Nicotiana glauca). sprays effectively control aphids, 
plants are the active principles Crude extracts of its leaves can be flies, leaf-hoppers, thrips and several 
which act as insecticides. Alkaloids used to control aphids. Nicotine, an types of caterpillars. Nicotine dust 
such as nicotine from tobacco {Nico- alkaloid obtained from tobacco {Ni~ mixed with gypsum or clay and nico- 
tiana spp.), rotenone from Derris cor/VzA/tf spp.), is graded as a contact tine sulphate is a promising insecti- 
(Derris elltptica) and pyrethrins and insecticide. Nicotine fumigation kills cide against beet leaf hopper, sweet 
cinerins (pyrethroids) from pyre- many insect pests. In India potato weevil, tobacco hornworm 
thrum {Chrysanthemum cinerari- 
aefoHum) axe good plant insecticides. 

Most plant insecticides act as con¬ 
tact poisons being absorbed through 
the cuticle of the insects.. 

“Leguminosae” or the “Pea 
family’* has several plants known to 
have promising insecticidal values. 

Logwood {Haemotoxylon campech- 
ianum) extracts are used in control¬ 
ling the Japanese beetle. Alcoholic 
extracts of roots of the fish-poison 
climber {Millettia pachycarpa) con¬ 
trol bean aphids. This plant contains 
two insecticidal compounds known 
as rotenone and saponin which act 
as contact and stomach poisons. Ro- 

tenone IS a complex isoflavonoid Fig. 2. Infloi^enc* of pjwlhrimi (CAri'Xflwrtemiw 
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Fig. 3 

and onion thrips. Nicotine base is 
also a promising fumigant. Nicotine 
fumes, obtained by evaporating liquid 
!iicotinc base over a heater or by 
burning nicotine, are important in 



4. Nicotiona gkutea tw% with Mlortt- 
fceoce 
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green house fumigation. There are 
several other Solanaccous plants 
that contain promising insecticidal 
properties. , ^ 

Pyrethrum (insect powder) is ob¬ 
tained from the floral parts of Chry¬ 
santhemum cinerariaefolium belong¬ 
ing to the “Compositae” or “Sun¬ 
flower family”. It is a safe, 
promising, household insecticide 
used either in sprays or dusts. Japan 
is the chief pyrethrum exporting 
country followed by Yugoslavia, 
Kenya and Southern Brazil, The ac¬ 
tive principles in pyrethrum are py- 
rethrins I and II and Cinerins I and 
II. They are unstable compounds as 
they decompose when exposed to 
air and sunlight. Pyrethrins are 
axonic, contact and stomach poi- 
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sons. They are non-toxic to human 
beings. Their action is similar to 
that of DDT. Domestic insect pests 
such as cockroaches arc effectively 
eradicated by the application of 
pyrethrum sprays. 

Pyrethrum is used in follow¬ 
ing ways : 

(1) As pyrethrum dust, popu¬ 
larly known as insect powder; 
(2) Oil extracts; and (3) Water- 
soluble extracts. 

Plants like Castor {Ricinus 
communis)^ Common basil {Ocimum 
basilicum)y Cockroach plant {Hap^ 
lopnyton cimicidum)^ China berry 
{Melia azedarach)^ Caraway {Carum 
carvi)^ Coriander {Coriandrum sati- 



Fig. 5. Derris eiliptica twig with inflorescence 

vum. Anise {Pimpinella anisum) and 
several others also have effective 
insecticidal properties against many 
domestic and agricultural pests. 

We are all familiar with the ser¬ 
ious environmental pollution caused 
by application of synthetic insecti¬ 
cides and pesticides, like organoch- 
iorine and organophosphorus com¬ 
pounds. The environment can be 
saved from the agrochemical (in¬ 
secticides and pesticides) pollution 
if more use is made of the safe and 
effective, naturally-occurring plant 
insecticides. 

P. L. Narasimham 
P. Appala Raju 
Environmental Sciences Department 
Andhra University 
Wahair-630 m 
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Lichen—an idyllic consortium 


alga. Whether this morphogenetic 
change is due to some secretion of 
morphogcns by the alga or an aspect 
of the physical contact or a pheno¬ 
menon of catabolic repression is yet 


T he lichens are an association 
of fungi and algae which have 
formed a new morphological entity 
completely different from either of 
their separate components. The term 
‘lichenised fungi’ is now used syno¬ 
nymously with lichens to reflect the 
fact that the greater part of the mass 
of most lichen lhalli is composed of 
fungal hyphae with the algae restric¬ 
ted to a thin layer near the surface. 

The lichen association seems to 
have developed a physiological sys¬ 
tem to scavenge essential minerals as 
well as organic requirements from its 
iiutrientj poor habitats like rock 
surfaces and tree trunks where other 
forms of life are unable to gain a toot- 
hold. It has been strongly establi¬ 
shed that photosynthetically fixed 
carbon moves from a’ga to fungus 
mainly as glucose and polyols (ribi- 
tol), eryihritol, sorbitol, etc.). In 
lichens containing Trebouxia and 
Nostoi\ atleast to S0% of the 

carbohydrates fixed by the alga pass 
to the fungus. On removal of algal 
components from lichen, this carbo¬ 
hydrate flow declines immediately. 
Why does this close association in 
lichen cause a massive efflux of 
carbohydrates from alga? D. C. 
Smith of Botany Department of the 
University of Bristol, BS8 (1^75) has 
suggested that such an existence has 
some effect on the membrane trans¬ 
port system to stimulate the elflux. 
It is suggested that the fungus might 
be able to reduce the algal mem¬ 
brane potential so as to cause a net 
efflux of certain molecules. Whatever 
the theory may be, the central point 
is the physical attachment of the fun¬ 
gus to the alga. The fungus restricts 
the ability of alga to grow, so that the 
‘space’ for storing carbon in the 
cell is limited and a surplus is gene¬ 
rated. 


Aliphatic and alicyclic substances 

Group I Acids 
Grmjp 2 Tnterpenoids 
Group 3 Polyhydne acids 


Lichens with blue-green symbi¬ 
onts show active nitrogen fixation 
and substantial transfer of fixed ni¬ 
trogen to the fungus. They are trans 
ferred in organic forms, mainly as 
neutral amino acids like alanine, glu¬ 
tamine or as peptides. There are also 
reports regarding the transfer of 
nitrogen in the form of ammonia. 

Morphogenetic interaction 

When grown m isolated culture, 
the lichen fungi show none of the 
elaborate morphology and tissu: 
difl’erentiation. The alga, when iso¬ 
lated, regains its growth habit. So 
what is the reason that evokes the 
remarkable morphogenetic response 
of a new thallus formation? It has 
been suggested that this morphoge¬ 
netic change may be partly due to the 
natural environmental conditions 
and partly due to association with 


Table i 

Aromatic substances 

Group I Pulvic acid derivatives 
Group 1 Depsides 
Group 3 Depsidones 
Group 4 Quninones 
Group 5 Xanthono derivatives 
Group 6 Dibenzofurane derivatives 

to be known. But each partner af¬ 
fects the morphology of the ^ther 
in a highly specific way. 

Adaptation to habitat 

The development and distribu¬ 
tion of lichens are intimately associa¬ 
ted Jo their habitat. Based on the 
habitat, the lichen communities fall 
into various categories ; (a) Arboreal 
(corticolous)—which grow on leaves, 
bark and wood; (t>) Tcrricolous— 
ground lichens; (c) Saxiculous- tocV 
lichens; (d) Omnicolous which exist 
in most varied substrate; and 
(e) localized communities. 

Irrespective of habitats, this 
composite structure that acts as a 
functional unit seems to have evol¬ 
ved its ability to withstand extreme 
drought as well as the ability to 
scavenge essential minerals. Lichens 
can harvest a considerable amount 
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Fig. 2. Cladonia sp» (lichen) British soldim 


of certain solutes from the liquids 
passing over them in their habitat. 
There are two efficient mechanisms 
of solute accumulation—active up¬ 
take, and passive binding to the cell 
walls. Sugars, amino acids and phos¬ 
phates are taken actively by lichens. 
Substantial amount of cations like 
iron, copper, etc., are accumulated 
by passive binding to cell walls. Most 
binding sites are located in the fun¬ 
gal hyphae, since the latte, are pro¬ 
portionately abundant and possess 
much thicker walls than algae. 

Almost all lichens lose water and 
dryout often to 10% or less of the 
dry weight of the thallus. The reason 
why almost all lichen require perio¬ 
dic drying still remains obscure. It 
may be necessary for the flow of 
nutrients, and the physical shrinkage 
and expansion may be an essential 
feature of substrate attachment. 

Growth of lichen 

Lichens are among the slowest 
growing plants known to botanists. 
They grow at lobe and branch tips 

such their radius, circumference 
and length increase at a constant 
^ate. The thickness of the thallus 


remains more or less constant and 
its older parts remain alive and 
intact. 

Why does a lichen grow so slow¬ 
ly? It has been suggested that low 
protein synthesis rate may he one 
reason and this may also be an adap¬ 
tation to poor nutrient supply. The 
slow growth rate may also be due to 


environmental conditions which 
only allow lichens brief periods of 
metabolic activities such as assimi¬ 
lation. Recently, a new concept— 
physiological buffering—has been 
introduced to explain the slow growth 
rate of lichens. The important 
feature of this concept is that the 
disturbances caused due to environ¬ 
mental fluctuations are mainly con¬ 
fined to the physiological reactions 
involving polyols. Polyols have a 
number of roles in lichen ; they act 

as substrate for both basal and, 
resaturation respiration, (b) their high 
concentration in cytoplasm generates 
a high osmotic pressure, essential 
for plants normally living under con¬ 
ditions of water stress, and (c) they 
may protect macromolecules during 
drying out by direct substitution of 
water molecules. Much of the fixed 
carbon is accumulated in the polyol 
pool and there is a continuous loss 
of carbon from this pool as it carries 
out this function. So a high concen¬ 
tration of polyols is essential for the 
existence of lichens. When polyol 
concentration fluctuates with envi¬ 
ronment, it may especially ‘buffer’ 
the growth process. 


^ FarmeUa capeM (IkiM og rock). Great Smocky Mts., National Park, USA 
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Chemistry 

Amongst the chemical consti¬ 
tuents of lichen substances lichenin, 
isolichenin, hcmicelJulosc, fatty 
substances^ amino acids and growth 
substances are important. Besides 
them, lichen excretes a/number of 
organic compounds which become 
encrusted as crystals on its surface. 
Tabic I shows various lichen acids 
obtained from lichens. 

Economic uses 

Food. Cladonia alpcstris^ C. 
rangiferina and Cetaria istandica 
are useful as fodder for reindeeis 
and caribon in the Arctic regions. 
They are known as ‘reindeer moss*. 
The Berber tribes in the deserts 
of Libya graze their sheep on the 
crustose lichen, Lecanora esculenta. 

It can never be considered as a food 
for the growing world population 
due to its slow growth rate and 
poor yield. 

Medicine. The lichen Loharia 
pu/rnonaris is used to treat lung 
diseases. Rabies is cured by taking 
powdered peltigera with black pepper 
and warm milk in required propor¬ 
tion. This lichen was named by 
Linnaeus in 1753 as Lichen caninus 
or ‘dog lichen*. Many of the lichen 
products are antibiotic in nature. 
Gram-negative bacteria (rods) as a 
rule are resistant to all lichen acids, 
but gram-pcstitive bacteria and 
tuberculosis bacillus are inhibited by 
protolichensteric acid, usnic acid, etc. 
tJsnic acid is widely used in European 
countries as a chaemotherapeutic 
drug for external application. 

One of the drawbacks of lichens 
js that they are insoluble in water 
and unless a water soluble deriva¬ 
tive could be found it will have little 
therapeutic value. We can expect, 
however that lichen .antibiotics will 
become increasingly common in 
medical practice in future. 

Soit formation. Lichens happen to 
be the first plant group that took 
part in active soil formation. Earlier 
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it was thought that lichen acids 
played an important role in this 
direction but due to low acidity and 
solubility of these acids they were found 
of no significance. Another view is 
that the gelatinized lichen thalH 
break off chips of rocks as they 
expand or contract when wet or dry. 

It is also believed that lichen acids 
can disintegrate rocks by chelation, 
a process that removes calcium, 
magnesium and other minerals from 
crystals. 


Besides these, extracts of £v<>r. 
niOy Parmelia and Ramalina spccits 
contain various essentialoils that are 
extensively used as soap scents. 
Future studies may throw light on 
this mutualistic association of alga 
and fungus and exploit them for the 
benefit of mankind. 

B. K. Mishra 
B. Padhi 
Deptt. of Botany 
S, C. S. College^ Puri 
(Orissa) 


Low lactose in milk and 
milk products 


M ilk is a major source of animal 
protein. Besides, it provides fat, 
carbohydrates, minerals, vita¬ 
mins and other growth promoting 
substances. Lactose, a disaccharidc 
of glucose and galactose, is the 
principal carbohydrate of milk and 
the enzyme hydrolysing it into con¬ 
stituent monosaccharides is known 
as lactase or y9-D-galactosidase (EC. 
3.2.1.23). Majority of people are 
unable to utilize milk properly be¬ 
cause of their sensitivity to lactose 
due to lack of intestinal j^-D-galac- 
tosidase. Consumption of milk by 
lactose intolerant persons results in 
gastrointestinal disturbances like 
abdominal pain, diarrhoea and flatu¬ 
lence. There is high incidence of 
lactose intolerance among the adult 
populations of Asia, Africa, Latin 
America and the Middle East. The 
etiology of lactose intolerance is 
controversial and it could be due to 
environmental or genetic factors. At¬ 
tempts have been made to develop a 
process for preparing dairy products 
in which lactose is partially or com¬ 
pletely removed. This can be achi¬ 
eved by several methods, but the 
most promising appears to be hydro¬ 
lysis of lactose by 3 D-galactosidase. 
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This will also remove the problem of 
gritty texture in concentrated dairy 
products due to crystallization of 
lactose. 

3-D-gaIactosidase is found in 
many plants, animals and also in 
microorganisms. However, p-D- 
galactosidases of microbial origin 
is inexpensive and its ease of pro 
duction can be profitably exploited 
for application in food industry. The 
microorganisms producing p-D- 
galactosidase include yeast, molds, 
and bacteria. Yeast enzyme is gene¬ 
rally recognized as safe and no toxi¬ 
cological problems arise causing con¬ 
tamination of milk. Also, the yeast 
enzyme possesses an optimum pH 
for activity which is quite near the 
pH of the milk. Various studies 
have shown that the yeast Kluyvero- 
myces fragilis produces the enzyme 
in appreciably good quantities and 
hence is best suited for use in food 
industry. 

Enzymes have been used for 
various industrial processes in their 
soluble forms but the use of soluble 
form of enzymes makes the process 
economically unprofitable. This 
problem can be overcome by the 
application of immobilized enzymes 
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The immobilized derivatives of 
enzymes are prepared by attaching 
enzyme molecules to solid matrices 
which render them insoluble and 
enables the use of enzyme columns 
in continuous processes. The immo¬ 
bilization is affected by any one or 
by the combination of different tech¬ 
niques like adsorption, covalent 
bonding and gel entrapment. Several 
organic and inorganic substances, 
viz., controlled pore glass beads, 
collagen, acrylamide polymers, cellu¬ 
lose triacetate fibers, sepharose and 
ion-exchange resins are used as 
carriers for immobilization of enzy¬ 
mes. Collagen as the support for 
immboilization offers several advan¬ 
tages over other supports like its 
inexpensiveness, requirement of 
simple immobilization techniques 
and mild conditions and high swel¬ 
ling capacity in aqueous solutions. 
Recent studies have shown that im¬ 


mobilized whole cells could serve 
as enzyme source. 

The lactose reduced milk has been 
used for the preparation of various 
dairy products like yoghurt, ice¬ 
cream and non-fat. dry milk and the 
products were reported to be of good 
flavour, appearance and stability. 
Hence, the simplest way to reduce 
lactose content of milk is by passing 
it through a column of Kluyvero- 
myces fragilis cells immobilized on 
collagen and the treated milk can be 
used by lactose intolerant persons or 
can be used in the preparation of 
various low lactose dairy products. 

George V. Thomas 
Scientist S~1 
Centra! Plantation Crops Research 

Institute 

Regional Station^ Kaydnguiam 
Kerala 


Interferon 


INTERFERON is a new drug 
^ derived from the body for its 
own defence against viruses. It was 
discovered 20 years ago by Alick 
Isaacs and J. Lindemann of Natio¬ 
nal Institute for Medical Research 
in London during their studies on 
viral interference. In the interference 
phenomenon, infection of a cell by 
one virus renders the cell resistant to 
superinfection with other viruses 
(Fig. 1}. The illustration shows that 
interferon, is a small protein, which 
is released from the host cells during 
^iral interference and that it confers 
protection against virus infection 
Upon other cells. However, interferon 
has been very difficult to extract from 
ihe body and therefore its use as a 
^^I'ug has been an extremely slow pro- 
until recently. Interferon also 
sutlers Irom another disadvantage, 


that is, unlike other biological 
substances, which can be used inter¬ 
changeably between species, inter¬ 
feron from lower mammals does not 
work in man. Interferon abtained 
only from the higher primates alone 
works in humans. 

Interferon is protein in nature 
having molecular weight around 
/.OjCrO. As already mentioned, in¬ 
terferons synthesized by different 
cells or species show some dissimi¬ 
larities. but whether these differences 
lie in the amino acid sequence of the 
proteins, in the carbohydrate con¬ 
tent. or in some other feature is not 
known. The human leucocyte inter¬ 
feron is stable. Interferon is thus a 
protein hormone^ and acts as a “pan- 
vaccine'* because it attacks almost 
any virus. It has therefore consider¬ 
able advantage over vaccines, which 
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arc effective only against the specific 
virus from which they are derived. 
This versatility is a wonderful attri¬ 
bute when it comes to fighting, say, 
the cold viruses, which mutate cons¬ 
tantly and exist in some hundred odd 
varieties. It is, therefore, extremely 
difficult to tackle all varieties of com¬ 
mon cold viruses with a single vac¬ 
cine, or even a combination of them. 
But, interferon works marvellously 
against all viruses. 

Interferon works in an animal 
body in a variety of ways and they 
are listed in Table 1. The most 
important action of interferon is to 
inhibit the replication of viruses. It 
provides umbrella protection against 
most animal viruses, although the 
sensitivity of different viruses may 
vary greatly. The other main pro- 
' perty of interferon is its ability to 
inhibit cell division (cytostatic) 
However, higher doses of interferon 
are needed to achieve the cytostatic 
effect-than are meeded for the anti¬ 
viral effect. Recently, a variety of 
other in vitro and in vi\^ effects of 
interferon have been demonstrated. 
For example, interferon has immuno¬ 
suppressive effect, which may re¬ 
present a manifestation of its inhibi¬ 
tory action on the division of B and 
T lymphocytes. Although it has been 
mentioned that interferon is species 
specific, there arc many excep¬ 
tions to this rule. For example, 
human leucocyte interferon exerts 
antiviral activity in monkey, cow, 

Table i. Effects of interferon 

Inhibition 

Mulliplicarion of animal viruses. 

Intracellular growth of some micro¬ 
organisms. 

Cell division. 

Antibody production, delayed hyper¬ 
sensitive reaction. 

Enhancement 

Expression of some antigens at cell 
surface 

Cytotoxicify of lymphtxiytcs 

Phagocytosis 
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pig, rabbit, cat, and guinea-pig cells. 
However, only human and monkey 
interferons are effective in human 
cells. 

The mechanism of action of in¬ 
terferon as an antiviral agent is de¬ 
monstrated in Fig. 1. It is bound to a 
receptor at the cell surface, and this 
receptor is at present the target of 
active research. One component of 
the receptor appears to be the gly- 
colipid gangiioside. When interferon 
binds to the receptor, alterations take 
place at the cell surface, and some of 
the effects of interferon may be as¬ 
cribed to these changes. The antiviral 
action of interferon is mediated. 


however by a second protein that is 
induced by interferon. Even after 
best efforts, this protein has not yet 
been isolated and its mode of action 
has not been clarified. Recently, 
some efforts have been made for the 
mass production of interferon so 
that its biological potentialities can 
be fully evaluated and put to full 
use to alleviate human suffering. 
Interferon can be derived from vari¬ 
ous sources such as leucocytes, am¬ 
nion, fibroblasts and lymphoblas- 
toid, fibroblastoid and epithelial cell 
lines. However, at present leucocy¬ 
tes are the main source of interferon, 
because leucocytes have little clinical 


use, and in transfusion may indeed 
be even harmful. So these normal 
human cells hitherto useless in trans¬ 
fusion bottles can be put to better 
use of interferon production. For 
this purpose, blood is taken from a 
donor into a 4.0 ml plastic bag which 
is centrifuged to separate plasma, leu¬ 
cocytes and red cells (Fig. 2). The 
leucocyte-rich middle layers can be 
harvested without any significant 
loss of plasma or red cells. After they 
have been purified, leucocytes can 
be induced by Sendi virus to yield 
interferon. The leucocytes in one 
400ml bag of blood yield about 1-2 
million units of interferon. By this 
method about 10^^ international units 
of human leucocyte interferon were 
first produced in 1976 in Finland. 

Interferon is not without side 
effects, for example, pyrexia is the 
main feature in malignant patients 
undergoing systemic therapy. In 
some patients there develops a tran¬ 
sient decrease in the number of blood 
platelets and white cells (thrombo¬ 
cytopenia and granulocytopenia). 
However, interferon has certain ad¬ 
vantages over chemicals and vac¬ 
cines. For example, chemicals which 
are used as drugs are always asso* 
dated with side effects and that 
vaccines are virus specific. In con¬ 
trast, interferon is a broad spectrum 
protein hormone which acts against 
most animal viruses without dama¬ 
ging the cells in which the viruses are 
growing. Similarly interferon appears 
to have a potential for combating 
infections caused by protozoans, as 
well as similar organisms, that are 
closer to human cells in their organi¬ 
zational complexity than bacteria, 
and consequently are harder to treat 
with chemicals without damaging the 
cells. Herpes infection of the eye will 
illustrate this point well. Interferon 
was designed to interfere spedfically 
with structural buildufi of the viral 
particle during its replication with¬ 
out affecting tedy cells too rruch- 
In most cases, however, it js hard to 
target specifically on the vii uses since 
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viral infections and graft versus host 
disease in bone marrow transplant 
patients , viral infections in 
patients with malignancies^ chronic 
active hepatitis etc. It has also been 
tried as cytostatic agent in certain 
tumors, viz., osteosarcoma, papil¬ 
loma, myeloma, breast and lung 
cancers. Much clinical and experi¬ 
mental work is needed before we 
know how, when and where to use 
this substance so as to exploit fully 
its therapeutic potentialities for pre¬ 
vention and treatment. 


Fig* 2. IVansfiision plastic bottle of whole blood showing leucocyte-rich middle layer 
which is a rich source of human interferon 


P. C. Hurkat 
Dvptt, of Physiology Biochemistry 


they become living only after they 
enter a living elli and utilize some of 
the cell machinery. A chemical attack 
by the drug on the virus, there¬ 
fore, is likely to damage the cell 
also. Another advantage of inter¬ 
feron in the therapeutic arsenal of 
medical sciences is that it can be ad- 
ministerfed directly, or the body can 
be induced to produce its own in¬ 
terferon supply. In 1975, Thomas C. 
Merigan and his associates at Stan¬ 
ford University School of Medicine 
reperted successful treatment of 
chronic serum hepatitis through daily 
injections of interferon. He further 
suggested that common cold and 
influenza can be treated by a device 
which might be applied under the 
eyelid which slowly diffuses inter¬ 
feron through the nasolachrymal 
ducts into the upper respiratory 
tract. 

Many clinicians all over the world 
are eager to test this potent physio¬ 
logical hormone-interferon in the 
prevention and/or treatment of a 
variety of diseases, but because of 
limited supply of human interferon 
it has beep tried against only cer¬ 
tain specific diseases, viz., herpes 
v»rus infection in the eye, very dan¬ 


gerous viral infections, viral infec- Medical College 

tions in kidney transplant patients, Ajmer 


Bidi plant—a green coin of forests 
of Indian peninsula 


plant’ iJftVa species of great 
^ economic importance. In addi¬ 
tion to use of its leaves in Bidi making 
the plant plays an important role in 
rural perspective. In botanical lan¬ 
guage it is known as Diospyros me- 
lanoxylon. The plant is known by 
different local names in different 
parts of the country, viz., in Hindi-- 
Tenduy Marathi- -Tumri, Telugu— 
Ji/z/xA'/,Tamil—/Caro/, Orriya —KendUy 
Gujarati —Tamurgu and in Malaya- 
1am—A'cwf. Bidi plant was first 
described by Roxburgh (1824) and 
stated to be a native of most woody 
mountainous countries with fre¬ 
quent distribution in tropical dry 
deciduous forests of peninsular In¬ 
dia. Hooker (1882) stated that the 
plant is restricted to India and Cey¬ 
lon. The river Ravi is said to be its 


north-western limit of distribution. 
It is found abundantly in Madhya 
Pradesh, Maharashtra, Andhra Pra¬ 
desh, Orissa and also occurs in Uttar 
Pradesh, Rajasthan, coasts of Mala¬ 
bar and Coromondal (Fig. 1). 

The plant 

Plants are usually small to mo¬ 
derate sized but occasionally occur 
as large trees. Leaves are opposite, 
subqpposite or alternate, broadly 
ovate, elliptic coreaceous and vary¬ 
ing much in size and form, upper 
surface shining green and tomentose 
to glabrescent beneath; venation uni¬ 
costate reticulate, bark grayish black, 
exfoliating in rectangular scales. 
The tree is extensively used by 
villagers and tribats for diverse 
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Use of leaves in bidi makinj^. 
Young tender leaves of bidi plant 
are used for bidi manufacture. New 
flush of leaves appears in February 
and depending upon local atmos¬ 
pheric temperature, it may extend 
upto mid-June prior to commence¬ 
ment of monsoon. Leaves are pluck¬ 
ed from bushes only, which are gene¬ 
rally pruned, coppiced and pollar¬ 
ded. These silvicultural operations 
result in the production of much 
larger, thinner and very plastic lea¬ 
ves which are considered to be good 
for bidi making. 

Characters like texture, relative 
thickness of midrib and lateral veins, 
size of leaves, the agreeable flavour, 
flexibility and resistance to dt cay arc 
particularly important parameters of 
leaves considered while selecting the 
leaves for bidi making. 

Economic aspects of ‘bidi’ manufac¬ 
ture 


Fig. 1. Distribution of bidi plunt and production of bidi leaves in tonnes/year in India 


domestic purposes, therefore its 
growth is arrested to a bushy nature. 
The tree grows well in a variety of 
soils and subsists even on degraded 
and very poor sites. It is a good cop- 
picer, roots are largely superficial; 
they give out root suckers. 

Economic uses 


polish. The black heartwood is also 
used for cart wheel and for agricul¬ 
tural implements. Villagers exploit 
this species for many other purposes 
including fuel. 


Bidi making started in India dur¬ 
ing 1887 and became so popular that 
it is now one of the biggest cottage 
industries in the country. India’s 
share in the world production of 
bidi is 85% and about 3 lakh tonnes 
of bidi leaves are collected annually. 


Table i. Bidi leaf production—contribution of different states {Small Scale 
Industries No. 2, published by Forest Research Institute and College, 
Debra Dun, 1974 ) 


Some species of Diospyros are 
said to yield gum and resin. The tree 
bark possesses astringent properties 
and its decoction is used in diarrhoea 
and dyspepsia. In dilute form it is 
used as an astringent lotion for eyes. 
Roxburgh says that the bark, pow¬ 
dered and mixed with pepper is 
given for dysentery. The ripe fruits 
are eaten by natives. 

The plant provides valuable tim¬ 
ber used for building, shoulder po¬ 
les, carriage shafts and the ebony 
for all fancy works and carving. Ac¬ 
cording to Lisboa, its heavy, close 
and evengrained wood takes a fine 
SCIENCE REPORTER 


State 

Quantity of Bidi leaves produced 

Tonnes 

Percentage 

1. Madhya Prade&h 

1.23.000 

41 0 

2. Orissa 

50.000 

16,5 

3. Maharashtra 

45.000 

15.0 

4. Andhra Pradesh 

39.000 

13.0 

5, Bihar 

24,000 

8.0 

6. Rajasthan 

6..W) 

2.2 

7. Uttar Pradefl> 

5,000 

1.7 

8. Gujarat 

5,000 

1.7 

9, Tamil Nadu 

2,000 

0.7 

10. West Bengal 

500 

0.2 

TOTAL 

3,00.000 

100 
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Fig. 2, A Tendu bosh with new flush of 
leaves 

Contribution of different States is 
presented in Table I. 

A handsome revenue is earned by 
the forest departments of various bidi 
leaf producing States. The gross re¬ 
venue earned by certain States during 
] 972 is given below : —- 


crores) 


Madhya Pradesh .. 16.80 

Maharashtra .. 5,27 

Andhra Pradesh .. 4.26 

Uttar Pradesh .. 1.86 


It is estimated that about 140 
crore bidis are manufactured in 
India per dayand havepnormous in¬ 
ternal consumption. India holds the 
monopoly in export of bidi and bidi 
leaves. Bidis are exported to coun* 
tries like Afghanistan, Bangladesh, 
Sri Lanka, Canada, Java, Nepal, Sin¬ 
gapore, U.K., U.S.A. and several 
African countries. 

Bidi plant in rural aspects 

Bidi industry is a premier cottage 
industry in India and spreads almost 
all over the country in urban as well 
as rural areas with about 2171 re¬ 
gistered factories. This industry has 
great importance in rural aspects. 
Bidi IS the cheapest form of smoke 
and, therefore, it is more popu¬ 
lar in rural areas and among 
poor people. Bidi making is a tom- 
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CONTRIBUTING PROVINCES 


Fig. 3. Production of bidi leaves in different Slates 


plcteJy manual work and no arduous 
labour is involved at any stage. Bidi 
rolling is the primary job which is 
very simple and can be done at any 
place at any time; there is no com¬ 
pulsion about the work. It is a source 
of subsidiary occupation and sup¬ 
plementary income to lakhs of poor 
rural folk. Bidi industry provides 
employment to the rural population 
during off season for collection of 
bidi leaves. About six lakh people 
are employed in collection for six to 


eight weeks and one to two lakh 
people are employed in manufac¬ 
ture of bidis for about 300 days in 
a year. Obviously bidi industry 
has a vital role in rural welfare 
and in promoting the rural eco¬ 
nomy, 

Ramachandra N. Dakwale 
Ajay K. Awasthi 
School of Studies in Environmental 

Biology 
A.P.S, University 
Rewa {M.P.) 
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Wealth from waste 


U SED, unwanted or discarded 
materials in solid form resulting 
from normal community activi¬ 
ties arc termed as ‘solid wastes’ 
and they include garbage, rubbish 
street sweepings, ashes and other 
industrial wastes. 

Due to rapid industrialisation, 
more and more people arc migrating 
into towns and cities every yeai. 
As a icsult, there is significant in¬ 
crease in the generation ol' solid 
wastes and at present in India, the 
per capita production of solid wastes 
is about 0.3 kg per day in urban 
areas and about 0.15 kg per day in 
rural areas. 

In many urban communities re¬ 
fuse is often handled without any 
regard to sanitation standa/ds, likely 
health hazards and aesthetic value. 
Improper disposal of solid wastes m 
open dumps contributes to air pol¬ 
lution, surface and ground water 
contamination. It also creates poten¬ 
tial breeding places to disease car¬ 
rying vectors such as flies, mosqui¬ 
toes and rats. Accumulation of litter, 
refuse, junk causes fire hazards, 
contributes to accidents and also 
spoils the beauty of towns and 
cities. Therefore, keeping in view 
the severity and magnitude of this 
problem, the municipalities and cor- 
t>orations of the respective towns 


and cities should adopt safe and 
economical methods of collection 
and disposal to prevent the environ¬ 
mental pollution and nuisance. 

Collection 

Collection and transportation of 
solid wastes play an important role 
in the solid wastes management, as 
about 85 per cent of the total ex¬ 
penditure is normally incurred on 
this job only. Collection operation 
includes the establishment of methods 
of refuse pick-up to be used, the 
types of equipment that are to be 
employed and assembling of collect- 
ingcrews.The success of any collection 
system will depend largely on the 
proper selection of equipment. Pre¬ 
sently in India, refuse is collected 
from individual streets by manual 
labour and transported to the dis¬ 
posal sites by vehicles such as 
bullock-carts, open trucks and trac¬ 
tor-trailers, which is not desirable 
from hygienic and aesthetic view 
points. Therefore it is suggested that 
mechanized closed body vehicles 
equipped with tipping devices may 
be used for this work for belter 
results. 

Characteristics 

Knowledge of physicochemical 


characteristics of solid wastes is 
essential for selecting proper dis¬ 
posal method. Important character¬ 
istics of solid wastes in India are : 
paper (3% to 7%), plastics (0.6% to 
metals (0.5% to 1.0%), glass 
(0.3% to 0.8%), ash and fine earth 
(30% to 46%), compostable matter 
(33% to 42%), nitrogen (0.5%), car¬ 
bon (12% to 15%), phosphorus 
(0 6%), HCV 1450 to 2000 BTC/, 
450g and density 300 to 550 kg/cu.m. 

Reuse and recycling 

When materials such as metals, 
plastics, paper, glass form a signi¬ 
ficant part of solid waste stream, 
it is desirable and cconoTnical to 
reclaim and re-use them either direc¬ 
tly or by converting them into more 
useful products as this would reduce 
the volume of solid wates to be dis¬ 
posed of and would also yield signi¬ 
ficant salvage and resale income. 

This aspect has been seriousl> 
thought of as a possible solution to 
the disposal of solid wastes in most 
of the advanced countries. In the 
U.S.A., materials such asmetals, rub¬ 
ber, plastic, glass and paper that are 
available in large quantities in the 
solid wastes arc being re-cycled to 
earn considerable resale income. The 
chemical f’ncrgy and chemical con¬ 
stituent values contained in the 
wastes have suggested recovery of 
these resources by means of a pro¬ 
mising process. Pyrolysis. In 
this process the organic fraction^ 
of the refuse are healed in either 
an oxygen free or low oxygen cn- 


Fig. 1. ComiKkSf plant flow diagram 
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vironment at about 10CX)®F to 2000'F 
to produce valuable hydrocarbon fuel 
oils or gases. Presently in India 
reclaiming is not practised by 
municipal authorities. But normally 
unauthorised scavengers collect 
materials such as metals, rubber, 
glass, etc., when the refuse comes to 
disposal sites daily. 

Disposal techniques 

(/) Coinposting. It is a biological 
method of modihcation of the com¬ 
position of the organic matter, re¬ 
sulting in a stable end product 
known as compost. In this process 
bacteria, fungi, molds and other 
saprophytic organisms feed upon 
the organic matter such as vegetable 
n*altcr, animal manure, etc., and 
bring down its energy level consi¬ 
derably. Then the organic rratter is 
said to be stabilized and does not 
pose any health hazard. 

In tact, composting is best suited 
to Indian conditions, because of two 
acute problems the country is facing 
H) safe disposal of solid wastes; 
(-) considerable reduction in the 
Tertility of agricultural land. As city 
refuse contains good amount of 
compostable materials (organic in 
nature) aforesaid problems can be 
Solved to a great extent by compost¬ 
ing the same. Moreover, as the 
land availability is better in this 
country, economical methods of 
composting may be adopted to pro¬ 
duce compost at cheaper rate and 
'Mndrow method* of aerobic com- 
Pv)sting is well-known. Composting 
process can also be done anaerobically 
*n large lightly packed stacks or pits 

FEBRUARY 1980 


and digesters with 60% to 70% 
moisture content. As the process is 
very slow, it takes a long time for 
complete decomposition. When the 
organic fraction of the solid waste is 
decomposed under anaerobic condi¬ 
tions (in the absence of oxygen), 
in closed digesters under controlled 
conditions, a mixture of methane 
(60% to 70%") and carbon dioxide 
(30% to 40%) is liberated which 
is popularly known as ‘biogas*. 
Due to high calorific value, the 
gas may be used as a source of 
heat energy in daily life. The 
digested sludge so obtained in the 
process may conveniently be used as 
manure on fields after drying the 
same. 

To increase the production rate 
of compost, mechanisation of com¬ 
posting process is essential. The 
Committee on urban wastes in its 
report favoured the setting up of 
mechanical compost plants in all big 
cities, taking into account local con¬ 
ditions. According to the Committee, 
it will be considerably cheaper to 
manufacture compost mechanically 
than chemical fertilisers on an equal 
plant nutrient basis. Even if the sale 
price of compost is fixed at about 
Rs. 80/- per tonne, it should find a 
ready market. 

(«) Sanitary land filling. It is a 
method of disposing of refuse on 
land without creating nuisance or 
hazards to public health or safety, by 
utilising the principles of engineering 
to confine the refuse to a smallest 
practical volume and to cover it 
with a layer of earth at the conclu¬ 
sion of each day*s work or at -such 
more frequent intervals as may be 


necessary. Therefore this is a pro¬ 
per method where there arc low- 
lying areas around the city. Land 
reclaimed by this method can be uti¬ 
lised conveniently for playgrounds, 
parks, and other light structures. 
This method is not suitable where 
the ground water table is very high, 
because of ground water contamina¬ 
tion. 

(ill) Incineration, This is a waste 
disposal process by means of which 
combustible solid wastes are con¬ 
verted through controlled combus¬ 
tion to a residue that is virtually 
inorganic in nature which further 
causes no health hazards. This is not 
a final disposal method, because the 
end product (ash) is still there for 
disposal. 

Incineration can be adopted as a 
method of disposal when land suit¬ 
able for sanitary filling is not avail¬ 
able within the economical haul dis¬ 
tances from the sources of refuse. 
Heat that is generated during the 
process can be utilised for various 
industrial uses such as production of 
steam in thermal power plants, etc. 
This can offset the operation costs 
to some extant. In India, incineration 
is rarely practised and should be 
encouraged where conditions are 
favourable. 

Conclusion 

Proper collection and disposal 
of solid wastes is thus an integral 
part of any attempt at upgrading 
environmental quality in urbanareas 
and so municipalities and cor¬ 
porations should take effective steps 
in this regard. As much of the 
success in all such programmes 
depends on the whole-hearted sup¬ 
port of citizens, it is very much 
necessary to educate the common 
man for proper implementation of 
such programmes. 

V. B. Rama Prasad 

Executive Engineer 
Rajasthan State Board for Prevention 
and Control of Water Pollution 
Jaipur-S02001 
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Prof. Nurul Hasan 
is CSIR 

Vice-President 

SIR’S recently appointed Vice¬ 
-President Prof. Saiyid NuruJ Hasan 
ibaninternationali;, eminent historian 
and educationist Prof. Hasan was 
Minister for education. Social 
Welfare and Culture in Mrs. Indira 
Gandhi’s earlier Govcrnnicnt. His 
association with science and techno¬ 
logy has been longstanding and deep. 
He is a Foreign Member of the USSR 
Academy of Sciences. He was con¬ 
venor of the panel appointed by the 
All India Congress Committee on 
Science & Technology in 1969. 

Born at Lucknow ori26lh Decem¬ 
ber, 1921, Prof. Hasan was educated 
at Allahabad and Oxford in England 
from where he took his Doctorate in 
History. He was recipient of Carnegie 
Fellowship for research. 

He took active part in India’s 
freedom movement during his stu¬ 
dent days and was Founder Member 


and Member, Working Committee, 
All India Students Federation. 
Starting his career as a lecturer in 
Lucknow University (1942-49), he 
became lecturer. School of Oriental 
and ^ African Studies, London in 
1947-48. l-atcr, he was Reader in 
History, Aligarh Muslim University 
(J 949-54) and Professor in that 
department in 1954. He became Head 
of the Department of History and 
Director, Centre of Advanced Study 
of History, Aligarh Muslim Uni¬ 
versity (1958) and Dean, Faculty of 
Arts (1966-68). He was a visiting 
Fellow of All Souls College, Oxford, 
1968-69. 

Prof. Hasan has been associated 
with several Advisory Boards and 
Review Committees in the fields of 
history, educational research, archaeo¬ 
logy, history of science and museums. 
He presided over the Mediaeval 
India Section, Indian History Con¬ 
gress in 1961, was Secretary, Indian 
History Congress 1965-67 and its 
General President in 1973-74. 

At international level, he has been 
a member of : 

1. Comite Internationale des 
Science Historique ; 

2. Commission of International 
Economic History Association ; 

3. International Studies Confer¬ 
ence, 1946 ; 

4. Anglo-American Historians 
Conference, 1957 ; 

5. First Asian History Congress, 
1961 ; 
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6. International Congress of 

Orientalists, 1964 ; 

7. International Economic History 
Conference, 1965; and 

8. International Congress of 

Historical Sciences, 1965. 

Prof. Hasan has represented India 
on several delegations visiting! 
abroad; notably—Indian Delegation 
to UN General Assembly, 1967 and 
1971 and Inter-Parliamentary Con¬ 
ference, 1967. He has been leader, 
Indian Delegation to the International 
Congress of Orientalists, Canberra, 
1971; Indian Delegation to UNESCO 
General Conference, 1972 and 1974 
He is Fellow, Royal Historical 
Society, London and Royal Asiatic 
Society, London. 
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Antacids 


ANTACIDS are those chemical 
^ compounds which reduce the 
acidity of gastric contents. They 
usually act locally and cannot 
inhibit the activity of the oxyntic 
cells (acid-secreting cells) in stomach. 
Their efficacy depends on their 
total acid-combining capacity and 
their action is limited so long as 
they remain in the stomach. As soon 
as the antacid is discontinued, its 
effect also disappears. 

These antacids are usually used 
in the treatment of symptoms (to 
relieve pain) of various gastric and 
duodenal diseases, viz., peptic ulcer, 
gastritis, etc. It is suggested that 
antacids decreases the stimulation 
of afferent nerve endings thu? relieve 
pain by neutralizing the acidity of 
gastric contents. However, the know¬ 
ledge about whether they can heal 
the peptic ulcer or affect the course 
of the disease and the possibility 
of relapse is still scanty and con¬ 
tradictory. 

A large number of compounds 
are nowadays known possessing 
antacid property. They are calcium 
carbonate, aluminium hydroxide, 
basic aluminium carbonate, etc. 
Apart from these dihydroxy aluminium 
aminoacetate, polyamine methylene 
^csin, sodium carboxy methyl cellu¬ 
lose, gastric mucin and other newly 
Synthesized compounds have been 
Wso reported to be effective as antacids. 
These antacids are not free from 
diverse side effects. Some of them 


might have prolonged neutralizing 
effect but produce constipation and 
diarrhoea when ingested while others 
arc found reabsorbed, interfere with 
the process of digestion and are 
responsible for ionic imbalances. 

Considering calcium carbonate 
as antacid, one should note that 
calcium present in calcium carbonate 
is partially absorbed systemically 
when administered and may be 
excreted in large amount through 
urine. This, in turn, increases the pH 
of urine. Further, it is the calcium 
ion which is responsible for consti¬ 
pation. 

Likewise, antacids containing alu¬ 
minium may also exert constipating 
action. In addition, with aluminium 
it can increase phosphate excretion 
in faeces diminishing the phasphate 
available for intestinal reabsorption. 
In this way, aluminium containing 
antacids are important in reducing 
the concentration and precipitation of 
urinary phosphates in those patients 
susceptible to the formation of 
phosphatic calculi. In renal insuffi¬ 
ciency, this group of antacids are 
also helpful in controlling blood 
phosphate level. 


When different salts of magnesium 
(magnesium oxide, magnesium hy¬ 
droxide, magnesium silicate) are used 
as antacids, they produce marked 
laxative effects. Further, magnesium 
and silica are found absorped sig¬ 
nificantly. 

Though some authors suggested 
gastric mucin, polyamine methyl re¬ 
sin having effective antacid property, 
their clinical efficacy is claimed only 
after doing few experiments. More 
systematic studies are awaited for 
understanding their actual clinical 
significance. 

In conclusion, it can be stated 
that in recent days in order to avoid 
the undesirable side effects of 
antacids, sometimes use of mixed 
antacids is advocated in therapy but 
this also leads to the production of 
constipation and diarrhoea. All these 
points suggest that one should 
be cautious at the time of taking 
antacids frequently. 

Prasanta Kumar Mitra 
Department of Biochemistry 
North Bengal Medical College 
Siliguriy Darjeeling 7344S2 


Aspirin can prevent heart attacks 
and strokes 


A SPIRIN, chemically known as 
^ acetyl salicylic acid, was discov¬ 
ered in the middle of the nineteenth 
century and has been in use for a 
long time as a popular remedy for 
headache and as a medication to 
reduce fever. It is one of the safest 
and most easily available drugs. It 
does not cost much. It is also used 
in the treatment of rheumatoid arth¬ 
ritis and other arthritic disorders. 
Recently as a pain-killer, superior to 
certain narcotics like codem, when 
taken orally against the agony of 


abdominal cancer, has drawn a good 
deal of attention in medical science. 
Its latest use as a medicine to fight 
heart attacks and strokes has drawn 
fresh attention. 

Heart attacks and strokes, 
the most dreadful diseases of man¬ 
kind, are usually caused by blood- 
clots in the blood vessels occurring 
in heart or brain respectively. 
Hundreds of medicines have been 
tried all over the world to find a 
successful medication against them. 
Aspirin is the result of such an in- 
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vcsligation which holds promise to 
bring these dangerous diseases under 
control. 

Aspirin is anticoagulant and keeps 
blood flowing inside arteries and 
veins smoothly and clot-free. That is 
how this simple drug is able to fight 
the dreadful disease. One aspirin pill 
a day may prevent heart attacks and 
strokes and fatal blood-clots and 
check many circulatory diseases. 
Aspirin also makes artificial heart 
valves safe and helps in the fight 
against cancer and some kidney 
diseases, particularly problems on 
account of kidney transplant. It also 
cures some blood disorders. 

Nearly a couple of decades ago, 
a Californian physician L. L. Craven 
of Glendale, first observed in 1953 
the miraculous property of aspirin 
in preventing formation of blood- 
clots which cause heart attacks and 
strokes. He tried his experiments on 
nearly 8000 men and not one suffered 
from heart attack or stroke due to 
blood-clot. But Craven’s work could 
not attract the attention of the medi¬ 
cal world to the ellicacy of aspirin 
for a long time. In 1974, when a 
medical group in Cardiff, Wales 
(U.K.) gave 12 00 heart-attack pa¬ 
tients a single dose ot aspirin daily 
and reduced the mortality to 12 
in six months trial and 25% m one 
year trial, the medical world became 
aware of the curati\c potentiality of 
aspirin. Similarly a Boston group 
carried out trials on heart attacks and 
strokes with aspirin in 9000 patients 
in eight hospitals in four dilferent 
countriesand on an additional 25,000 
patients admitted to iwentyfour 
hospitals of Boston area. From such 
exhaustive trials, the team concluded 
tliat aspirin protects from many 
diseases. 


ol general populaiion anil 2**o died 
of strokes as compared to 11% of 
general population in U.S.A. Aspirin 
in this way has justified the jocular 
medical folklore that one way of 
having long life is to have rheuma¬ 
tism. 

Lee Wood of California City of 
Hope MedicaJ Centre wrote in Lm- 
cet about the efficiency of aspirin in 
fighting heart attacks and strokes 
and inhibiting the growth of circula¬ 
tory diseases. 

Formation of blood-clots is a 
dangerous symptom and aspirin is 
able to dissolve such blood-clots in 
a human body successfully. Accord¬ 
ing to Harvey J. Weiss, Director 
of Hematology at New York Roose¬ 
velt Hospital aspirin acts by blocking 
the release of chemicals from the 
platelets of the blood which cause 
them to aggregate or clot. 

The importance of aspirin in cur¬ 
ing circulatory diseases got good 
publicity just a few years back when 
an American woman in her sixties 
came to the University of Colorado 
Medical Centre for treatment. She 
suffered from the attack of flashing 
light in one eve upto 150 times a 
day and also temporarv blindness. 
Doctors call this condition aniaurois 
fu^ius which is due to blood-clottings 
passing through retinal blood vessels. 
She was prescribed aspiiin and 
was ciiied. >\hcn she stopped taking 
medicine, the disease relapsed and 
was again cured on continuation. 
Similarly another woman of 67 years 
of age came to the London Institute 


Diphtheria 


of Neurology recently who had Ioni 
her vision temporarily in the right 
eye for nearly one and half hour re¬ 
curring after every two days. She was 
free of this trouble when she was 
prescribed aspirin. 

In case of thrombocythaemia and 
Raynauds syndrome, in which the 
number of platelets of the blood in¬ 
crease vastly causing considerable 
pain in the fingers and toes due to 
spontaneous aggregation of plate¬ 
lets and clottings, aspirin medication 
gave excellent response. 

Besides, combination of aspirin 
with other medications has given 
great relief to patients in case of 
ailments arising out of artificial heart 
valve. Their greatest danger is blood 
clot causing stroke as the clots form 
on the plastic or metal valves arc 
broken off and pass through blood 
stream and enter the brain blood 
vessel and lodge there. Such a com¬ 
bination medication has been signi¬ 
ficantly helpful in many types of 
kidney transplantation disorders. 

But one should be cautious in 
taking aspirin It is not to be used by 
patients undergoing operation as ii 
prolongs bleeding time. Edwin 
W. Salzman, Harvard Professor 
of Surgery has warned that aspirin 
should housed with caution as it may 
cause haemorrhagic disorders and 
otherwise a simple and straight for¬ 
ward operation. 

Gukulananda Mahahatra 
Prof, qt Chemistry 
Ravenshaw Colleve^ Cuttack- *^ 

( Orissa] 


toxin 


Sidney Cobb of Harvard School 
of Public Health (U.S.A.) has since 
1953 treated 600 patients of rheu¬ 
matoid arthritis for icn years with 
hca>'y aspirin dosage. He has obser¬ 
ved that only 4% of the patients died 
of heart attacks as compared to 31 


NTIL a suitable vaccine was 
developed, an acute infectious 
disease caused by a bacillus Cory- 
nebavterium diphtheriae was one of 
the dread diseases of children. Today 


the disease occurs throughout the 
world. In recent years morbidity and 
mortality rates have shown as signi¬ 
ficant decline and majority of severe 
and fatal cases occur among unim 
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niua»zed children. Although a di¬ 
phtheria-like disease was described 
by medical writers as early as the 
second century A.D., diphtheria was 
first established as a clinical entity 
by the publication of Pierre Breton- 
neau’s monograph in 1826. In 1883 
Klebs described this bacillus from the 
false diphtheritic membrane. An year 
later in 1884 Loffler first isolated the 
organism in pure culture from the 
throat of diphtheria patient and de¬ 
monstrated itsetiologic relationship 
to the disease. Roux and Yersin 
(1884-1894) discovered and des¬ 
cribed extracellular toxin and clari¬ 
fied the pathogenesis of the disease. 
Emil Von Behring (1890) first studied 
the immunological aspects and pro¬ 
duced effective antitoxin. Bela Schick 
of Vienna was successful in finding 
out a method for detecting the sus¬ 
ceptibility of individuals to diphthe¬ 
ria. Jn 1913, he introduced his skin 
test for determining susceptibility. 
The method was successful in the way 
that only susceptible children could 
be actively immunized by toxin- 
antitoxin mixture. Ramon in 1923 
demonstrated that formalin-treated 
toxin, i.e., toxoid represented a non- 
to.xic, antigenically effective immuni¬ 
zing agent. 

C. diphihcriae is essentially an 
obligate parasite of man, hence, 
the human host represents the onl> 
significant reservoir of diphtheritic 
iiffections. The organism may be 
transmitted directly or indirectly 
Ti om person to person and the disease 
may spread either directly by dr* p- 
lets, which is probably the most 
Cv>inmon method of-spread, or in¬ 
directly by fornutes or by a carrier. 
The organisms are present in the 
moulh or nostril and are expelled by 
sneezing, coughing but may also 
spread by spitting or kissing. Con¬ 
tamination of the hands, handker¬ 
chiefs also play an important role. 

The usual habitat of the diph¬ 
teria bacillus is the upper respira¬ 
tory tract of man. The primary lesion 
‘s usually located in the pharyngeal 


area (fauces, nasopharynx or larynx). 
Thus diphtheria is an acute, febrile 
infection, generally of nose, throat 
and tonsils. The throat becomes 
considerably inflamed especially 
fauces, where a greyish false mem¬ 
brane is formed. The membrane may 
eventually spread to the entire res¬ 
piratory tract. Children between 2 
to 5 years are frequently affected. 
The organism is present in the false 
membrane in cases of diphtheria and 
in the throat and nose of healthy 
carriers, or in local lesions. From a 
convalescent or a healthy carrier, the 
virulent organism gains entrance to 
the upper respiratory tract and the 
organisms multiply, thereby produ¬ 
cing a fJase membrane. The organ¬ 
ism elaborates a specific soluble exo- 
toxin diphtheria toxin which is 
responsible for the local cellular 
injury and the systemic manifesta¬ 
tions of the disease. The absorption 
of this toxin by neighbouring cells 
initiates a process of tissue necrosis, 
which furnishes conditions lavoura- 
ble to the growth of the organism, 
which, in turn, produce more of 
toxin. As the process coniinues, it 
stimulates an inflammatory reaction 
on the part of body, leading to the 
formation of the typical diphtheritic 
membrane. The bacterium produces 
the toxin only when infected by a 
temperate bacteriophage carrying 
tax gene and when the inorganic iron 
of the surroundings has been largely 
depicted. If the membrane involves 
the larynx and trachea, mechanical 
obstiucT^on to the airway may deve¬ 
lop and death owing to suft'oeation 
may occur unless the oxygen lack is 
correUed by intubation or tracheo¬ 
tomy. Despite the fact the bacteria 
caused only superficial membranous 
lesions in the throat, the patient often 
dies with evident damage to many 
organs. The toxin elaborated by the 
organisms produces an injurious ac¬ 
tion on the kidneys and muscles of 
the heart. Injury to the heart is pro¬ 
bably the most important action of 
the toxin. 


Chemically diphtheria toxin is a 
complex protein. The mechanism of 
its action remains unclear, although 
when applied to susceptible mam¬ 
malian cells grown in tissue culture, 
it inhibits protein synthesis. The di¬ 
phtheria toxin is actually an enzyme 
that catalyzes a reaction between 
NAD+ and elongation factor EF-2 
required for translocation in mamma¬ 
lian ribosomes and by inactivation 
of elongation factor EF-2 the toxin 
blocks incorporation of amino acids 
into proteins. The toxin transfers 
an ADP-ribosyl group from NAD'*' 
to EF-2 to yield an inactive ADP- 
ribose-EF-2 complex, resulting in 
inhibition of translocation. 

Toxin 

EF-2- -k NAD^-► ADP- 

ribose-EF-2 4Nicotinamide 

A concentration of the toxin 
in the cytoplasm of only 10"'**M 
is sufficient to promote the fatal re¬ 
action Now question arises how does 
this toxin enter a Cell? It has been 
observed that part of protein toxin 
contains a special structure that 
binds at discrete sites on the cell 
membranes and binding at these 
sites stimulates pinocytosis (cell 
drinking process). It has been re- 
poTled that in toxic diphtheria, there 
IS a loss of glycogen fiom the liver 
in the fiist week of the disease. The 
production of insulin is ceased which 
causes hyperglycacmia (increased 
blood glucose level) followed by hy- 
poglycaemia (decreased blood glu¬ 
cose level). Diminished excretion of 
vitamin C in urine is a marked fea¬ 
ture. Bleeding and coagulation time 
are increased in cases of diphtheria. 

The prompt administration of 
diphtheria antitoxin which neutrali¬ 
ses the circulating toxin inadequate 
amounts is the'first ana most impor¬ 
tant step for treatment. As the anti¬ 
toxin is a foreign protein (horse 
serum), precautions should be ob¬ 
served against the occurrence of hy¬ 
persensitivity reactions. Active im- 

(Cuu////i/Cc/ on po^v / F?) 
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Love-play in animals 


L OVE-play is an important part of a colony of honeybee, the Queen 
animal reproduction. This helps takes her first aerial flight followed 
in recognition of the species by by a number of drone bees. She 


mates with one drone in the mid air 
The genital parts of the male are 
forced out with such a great pressure 
that he dies after mating. In sea 
horses (Hippocampus) the male and 
female dance and embrace each other 
several times. During this process 
the female lays eggs in the brood 
pouch of the male who takes care of 
them. 

A fish called Drago net (Celliony- 
musj shows an elaborate courtship. 
The male rushes in a state of great 
excitement, frightening the other 
males in the vicinity. He, then, swims 
around the female with all his fins 
erect displaying different colours. 
Finally, the male lifts his mate 
by placing his pelvic fin beneath her. 
The two fishes then swim vertically 
downwards towards the bottom. 
In Bitterlings (Rhodeus amarus) the 
female is at first attacked by the male. 
She cither withdraws quietly or 
merely avoids the attack by ;>vn imming 


mates. Mating brings the two part¬ 
ners close to each other. As some 
animals are predatory in nature, they 
avoid to come in contact with each 
other, afraid of being hurt or killed 
in the process. This avoidance is an 
adaptation against predators. Since 
the females are in a much delicate 
position, they need an elaborate love 
play by the males for participation 
in the mating. 

In some animals it is the female 
which persuades the male for the 
purpose. The male peacock dances 
with beautiful feathers in front of 
the female in the breeding season to 
encourage her for mating. The males 
of domestic pigeon and house sparrow 



also dance before their females for 


the purpose. The dance is specific 
for each species. Females readily 
accept only those males who puncti¬ 
liously observe courtship behaviour 
characteristic of their species. In 

Fig. 1. Courtship display of European avocct'i 
{top)\ The forward threat-posture nf 
Mack-headed gull (bottom) 






Fig. 2. Courtship sequence of three-spined stickleback 



Fig, 3, Courtship display of herruig gulls 
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tii>acr the male. The male then seems 
unable to attack her. After a while 
he ceases to try and courts the female. 

Jn three-spined stickle-backs (a 
lish\ the male constructs the nest 
with the treads of algae at the bottom. 
After constructing the nest, the male 
becomes dark red coloured on the 
abdomen and his eyes become brilli¬ 
ant. He looks extremely attractive in 
this conspicuous dress. He parades up 
and down his territory till a 
school of females approaches it. 
The females by this time have 
developed a brilliant silvery 
gloss and swollen body with bulky 
eggs. The male reacts to them by 
performing a curious dance towards 
and all around them. Each dance 
consists of a series of leaps during 
which the male first turns as if going 
to swim away from females, then 
abruptly turns towards them with 
its mouth wide open. Usually it stops 
in front of the female and then turns 
away for a new performance. This 
zigzag dance frightens njost of the 
females but a single one may be attrac¬ 
ted. She turns towards the male and 
adopts a more or less upright position. 
The male now swims hurriedly 
towards the nest followed by the 
female. The male shows the entrance 
of the nest to the female and she 
enters into it. The male now begins 
to prod hex tail base with his snout, 
giving series of quick thrusts. 
After some time she lays eggs. The 
male fertilizes the eggs and takes 
care of them and young ones. 

Birds exhibit an elaborate court¬ 
ship behaviour. In Wilsons’ Phala- 
ropes, the female selects a male and 
swims around him. When another 
female approaches the pair, she 
threatens and at times fights to ward 
off the intruder. Before the pair 
•nates, they face each other withtheir 
heads raised, the bill of each bird 
aimed at a point above the other’s 
head. Since the Phalarope threatens 
and fights with its beak, the posture 
signifies that no threat is intended. 
The female then shows readiness for 
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Fig. 4, Male bitterling courting the female during spawning 


iriating by taking a crouching posi¬ 
tion. The males develop brood pouch 
on the abdomen and incubate the 
eggs. 

In Avocels (a type of bird), the 
male and female stand and preen 
their feather in a hasty, nervous 
fashion. After sometime the female 
stops preening and adopts a flat 
attitude. This is the signal indicating 
her willingness to mate. In Herring 
Gulls, both male and female bob 
their heads upwards uttering a soft 
melodious call with each bob. After 
a series of such calls the male takes 
the initiative for mating. In RulTs 
{f^hilomachus pug/nix)^ the males lift 
their wings for attracting the female 
fl>ing at a distance. When the Black 
headed Gulls (LarusnJibunJus] tnect 
in the breeding season, they show a 


quiz given here deals with 
some aspect of science. The read¬ 
der IS required to All up the blanks 


forward display by lowering their 
heads and pointing the beak towards 
each other. This threat posture is 
emphasised by brown face which 
surrounds the bill. Mates, however, 
show their friendly intentions by 
“head flagging*'. They stretch the 
neck and then by a sudden jerky 
movement turn their faces away from 
each other. Here the male appeases 
the female and vice versa as both 
of them are aggressive. 

In some web-building spiders, the 
male visits the female on her web. 
Here the male appeases the female 
because he might be mistaken for 
a prey. 

A. K. SiNHA 
Lecturer in "Zoology 
Cooperative College 
Jamshedpur 


in the statements given below with 
appropriate words. With the answers 
arranged in the same sequence as the 


statements, the first letters of the 
answers will read “Council ot Scien¬ 
tific and industrial Research*'. 

Group A 

fl) Science of secret of communi¬ 
cation is known as—>—. 

(2) Life on earth is protected from 
the biologically harmful ultra¬ 
violet radiations emanating 
from the sun by the—^—layer 
in the atmosphere. 

(3) The largest magneto-hydro- 
dynamic power station in the 
world is situated in the—. 

(4) The fourth atomic power sta¬ 
tion in our country is located 
at—■—in Uttar Pradesh. 

(5) The 1978 Nobel prize for—■— 
was awarded to Professor Peter 
Dennis Mitchell (England) for 
his work in biocnergetics, 

(6) On a hazy day clear photo¬ 
graphs can be taken by using 
films sensitive to -—radia¬ 
tions. 

(7) —year is the distance tra¬ 
velled by light in one year. 

(8) Mirage is an-illusion. 

(9) Power systems in our countr>' 
are operating at a frequency 
of—-—•—-hertz. 

Group B 

(10) ——is the name of the Franco 
-German communications 
satellite which is being used by 
India. 

(11) A blotting paper soaks up spilt 
ink due to——action in the 
pores of the paper. 

(12) -of an element have the 

same chemical properties but 
different masses. 

( 13 ) ——velocity is the minimum 
velocity with which a body 
must be projected to make it 
escape from the gravitational 
pull of a planet, 

(14) Deficiency of vitamin A causes 
—■ -(a kind of blindness) 


Science quiz 
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(15) ‘STEP* stands for Satellite 
-Ex periment Project. 

;i6) The layer of charged particles 
surrounding the earth which 
facilitates long distance trans¬ 
mission of short radio waves 
is known as the-. 

17)-are a class of magnetic 

materials which are used as 
transformer cores at very high 
frequencies. 

! 8) The principle of a pressure 
cooker is the elevation of the 
boiling point of water with the 
-of pressure. 

19) Neution is an electrically neu¬ 
tral particle discovered by- 

20) Vienna is the headquarters of 
the international——Energy 
Agency. 

21) The alloy-- is commonly 

used U) make the healing ele¬ 
ment of electric heaters. 

-2) The apparent change in fre¬ 
quency of sound due to relative 
motion between the source 
and the listner is called the 
effect. 


(iroup C 
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A traveller who goes west, 
iicross the 180 meridian loses 
a day, when he travels east he 
gams a day This meridian is 

called the-date-line. 

National Environmental En¬ 
gineering Research Institute is 
located at——. 

Niels Bohr, a-physicist 

tirst applied the quantum 
theory to build up an atom 
model. 

-radiation emitted by the 

mercury vapour inside a fluo¬ 
rescent tube during electric 
discharge, is converted into 
visible light by the fluorescent 
substance coated on the inner 
{surface of the tube. 

The outermost planet visible 

to the naked eye is-. 

—^is an explosive obtained 
the nitration of toluene. 


^EBRuary 


1980 


(29) Radium is a-element. 

(30) -is the property of matter 

by which it continues to re¬ 
main in its state of rest or uni¬ 
form motion in a straight line, 
unless that state is changed by 
an external force. 

(31) A camera lens looks coloured 

due to-coating on the sur¬ 

face of the lens which reduces 
reflection losses. 

(32) -is produced due to the 

amplification of elect!©mag¬ 
netic waves by stimulated emis¬ 
sion of radiation. It operates 
in the infrared and optical 
regions. 

Group D 

(33) -discovered X-rays. 

(34) -is thescience related to the 

study of extra-terrestrial life. 


(35) Germanium isan-which has 

found extensive applications 
in the production of transis¬ 
tors. 

(36) -is a day on which the day 

time and the night time are 
of equal duration. 

(37) Penicillin is an-. 

(38) Mach number is the-of the 

speed of an aircraft to the 
speed of sound in air. 

(39) — -is the unit for measuring 
the quantity of electricity in 
the S.l. system. 

(40) In a nuclear fission power 
reactor——water functions as 
a moderator. 

S. Sakukumar 
Physics Deptt. 
iJovt. College of Engg. 

Salem-ihiO OH 
{Tamil J^adii) 


Brain teasers 


I. Flower pots 

Twentyfive flower pots have to 
be placed in the square spaces shown 
in Fig. I. The pots contain flowers 
of five distinct varieties, and so five 
pots belong to every variety. The 
problem is to place the pots in such a 

I—I—I—I—I—I 


way that no two pots containing 
flowers of the same variety appear in 
any line vertically, horizontally or 
diagonafly. 

2 . Can you count 7 

Can you count the number of 
triangles m Figs, 2, 3 and 4: and the 
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Fig. 3 

number of quadrangles in Figs. 3 
and 4. Remember the quadrangles 
include squares and rectangles too. 

3 . Dissecting the square 

Can you divide a square into 
twenty equal right-angled triangles 
and then arrange them to form five 
equal squares ? 

4 . The daughter's age 

Jai Gopal has an only daughter 
Kamini- He is very fond of her. The 



other day when he was having coffee 
with his friend, the latter remarked, 
“Your daughter Kammi is a fine girl. 
How old is she now?’" “Her age”, 
said Jai Gopal, “is given by reversing 
the figures of my own age. In ten years 
I shall be exactly twice as old as she 
will then he.” Can you guess how 
old is Jai Gopal’s daughter? 

P. K. Mukherjer 
Lecturer in Physics 
Deshbandhu College 
New DelhLllOOrr 


Latest on animals and birds 


Squirrels arc cannibals 

I T is very hard to believe that such 
a gentle and innocent-looking 
creature like squirrel not only kills 
but also eats the infants of its neigh¬ 
bours. This is true in the case of 
Bcldmg’s ground squirrel found in 
Sierra Mountains of the {Nature, 

18 Oct., 1979). The killer is invariably 
a young male or an adult female. 
The young male cats the infant as it 
is rich in protein, which is useful for 
body growth. The adult female, on 
the other hand, only kills the infants 
when its own baby dies. By killing 
the baby the female removes a future 
compelitor for food and other things. 


The killing of infants in this manner 
is a part of the normal day-to-day life 
of the animal. About eight per cent 
of infants of this animal die in this 
manner. The adult females arc, how¬ 
ever, nice to their close relatives’ 
babies a id warn them of any danger, 
even sometimes risking their own life. 
The Bclding’s ground squirrels also 
hibernate, that is, they sleep through 
eight months of the year under the 
snow-covered ground. A large num¬ 
ber of them die during hibernation. 

Ostrich is selfish 

O STRICH, the world’s largest 
jiving bird, is as selfish as human 


beings. The selfish tendency is parti^ 
cujarly evident in the breeding sea¬ 
son. In an ostrich society, a male 
ostrich has a harem of two to seven 
hens. The hens, each of which can 
lay upto 13 eggs in one season, lay 
their eggs in one common nest. Only 
one of the hens in the harem, called 
the major hen, hatches the eggs, but 
she can hatch only about 20 eggs. 
Often, the total number of eggs laid 
is more than the number of eggs that 
can be hatched. The major hen there¬ 
fore throws away the excess eggs. 
While throwing away the excess 
eggs the major hen is careful enough 
not to throw away any of its own 
eggs {Nature, 17 May, 1979), and also 
keeps a small number of other hens’ 
eggs, so that the total number of eggs 
in the nest is about 20 . ihe major 
hen seems to distinguish her eggs 
from the eggs of other hens by their 
shape and size. The major hen does not 
show partiality to any of the other 
hens while keeping their eggs along 
with its own eggs for hatching. The 
reason for keeping a small number of 
other hens’ eggs is that by doing so 
the chance of her chick being killed 
by any predator is minimised 

Green polar bears 

H ave you ever heard of, if noi 
seen, a green bear? San Dcigo 
Zoo in the U.S.A. is one of the man> 
zoos where the coat colour of the 
polar bears has changed from snowy 
white to green {Nature, 29 March, 
1979). The green colouiation is found 
to have been caused by a harmless 
algae growth inside the hairs of the 
coat. The algae growth is possible 
only at a temperature around 36''C 
Polar bears, therefore, do not change 
their coat colour in their natural 
habitat—the arctic region—, where 
the temperature is below 0 ®C all 
around the year. The chest and the 
inside of the legs do not become green 
because these parts of the body are 
not exposed to sun. A number nij 
other animals such as water turtlesj 
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monk seals> fur seals, sloths and 
several kinds of whales also change 
their colour in a similar way. 

Precocious jackals 

A t least in one way, young jackals 
are different from the youngs of 
many other animals. They help their 
parents. Even though the young jac¬ 
kal is capable of living independently 


on its own when it is a few months 
old, it choses to stay with its parents 
for a year or two {Naturey I Jan., 
1979). During this time if the 
mother of the young jackal 
gives birth to new ones, the 
young jackal helps her in bunging 
up the new cubs. But not all the 
youngsters stay with their mothers 
to help them in bringing up the new 
cubs. The older the mothers arc. 


greater is the chance of the youngster 
staying with them and helping them. 
More cubs survive if there is a 
helper iu the family because the helper 
guards and feeds the cubs when their 
mothers go out to hunt for food. 
Sometimes there are more than one 
helper at a time in a family. 

P. SlJNDLRARAJAN 


PHYSICS OF CANDIDATE EVALUTION (Continued from page 


Extending the ideas of the princi¬ 
ple of indeterminacy to general four¬ 
dimensional space-time, we have to 
leplace fixed point by a fixed 
surface. In this situation the energy- 
time uncertainty relation becomes: 
the uncertainty in the instant when 
a particle with energy uncertainty 
crosses the fixed surface is such 
that the product 
larger than the constant of action. 
The forementioned surface may be 
closed around a three-dimensional 
domain of finite volume. Then the 
information about the time at which 
the panicle crosses into this domain 
If governed by the above statement. 
But the problem of an ingoing parti¬ 
cle is like looking for solution for 
the Schrodinger equation under 
given initial conditions and under 
some boundary conditions. These 
two sets of Conditions have to be 
Consistent with the position-momen¬ 
tum and energy-time uncertainty 
relations respectively, and the 
procedure involved is the same as 
one adopts in the theory of scatter¬ 


ing. A natural inference of this is 
that for comparative study of diffe¬ 
rent systems or particles, the condi¬ 
tions must be same for all of them. 

In the context of the problem 
being discussed here, the higher 
class, position or job may be taken 
as the domain with qualifications and 
selection criteria as the initial and 
boundary conditions. To give 
equal chance to all the candidates to 
make a way into the domain, 
these conditions should be identical 
for all of them. This can be achieved 
if the experts (who are certainly free 
to define the constraint.s) arc unbiased 
and equally disposed to all the can¬ 
didates. In other words, the 
attitude and questioning during 
evaluation should be without any 
predilection. 

The above discussion leads us 
to conclude that the examinations 
and interviews can be made true 
judge of knowledge and capability 
under following conditions: 

I. The questions should be 
chosen properly and their level 


kept same for all the candidates. 

2. The examiners should not put the 
questions in a humiliating manner; 
instead they should be equally modest 
to all the candidates. 3. The can¬ 
didates should preserve their ^qui- 
poise and evolve their personality to 
face all situations. 4. The time of 
intcrview/examination should be 
sufficiently large and same for all 
the candidates. 5. The experts 
should assess all the candidates with 
same level of stringency and no 
prejudice. 

Further reading 

1. Price, W.C. and Chissick, S.S., 
The Uncertainty Principle and Foun¬ 
dations of Quantum MechanieSy John 
Wiley, London, 1977. 

2. Gamow, G., Mr, Tempkins^ 
in Wonder Land : Cambridge Uni¬ 
versity Press, 1957. 

3. Vishwamittar, The Principle 
of Uncertaintyy Science Reporter 7 . 
111-115 (1970). 


TECHNOLOGY FOR VILLAGES (Continued from page 139) 


scraper attached to the stirrer re¬ 
moves the ash through holes at the 
bottom. The ash falls in a conical 
Copper and is removed through a 
porthole. A third blower supplying 
5»econdary air suppresses fiame from 
touching the heat exchanger tubes. 

I^^BRuary 1986 


The fourth and the main blower 
draws in hot air from the heat ex¬ 
changer and delivers it to the dryer 
through ducts. The unit ensures 100 
per cent burning of the husk inside the 
combustor. The ash can be used as 
fertilizer, and for production of 


cement and other potential applica¬ 
tions. The technique also completely 
eliminates the chance of sulphur 
contamination of rice, which nor 
mally occurs with furnace oil fired- 
drying. 
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Aiiswers and solutions 

Science quu 

Group A 

(1) Cryptography 

(2) Ozone 

(3) USSR 

(4) Narora 
(!>) Chemistry 

(6) Infrared 

(7) Light 

(8) Optical 

(9) Fifty 

Group B 

(10) Symphonic 

(11) Capillary 

(12) Isotopes 

(13) Escape 

(14) Nightblindncss 

(15) Telecommunications 

(16) Ionosphere 

(17) Ferrites 

(18) Increase 

(19) Chadwick 

(20) Atomic 


Brain teasers 

1. The solution is shown in Fig. 5. 
Flowers of dilTerent varieties arc 
indicated by the letters A, B, C, 
D and E. 

2. There are eighteen, twenty and 
twentyninc triangles, respectively 
in Figs. 2, 3 and 4. The number 
of quandrangles in Figs. 3 and 
4 a^e nineteen and eleven rcs- 
pcc lively 

3. The way how to dissect the square 
into twenty right-angled triangles 
is illustrated in Fig. 6. In the dia¬ 
gram F, G H and E are the mid 
points of the four sides of the 
square. These triangles are finally 
arranged in Fig 7 to form five 
equal squares The diagrams are 


(21) Nichromc 

(22) Doppler 

Group C 

(23) International 
(.24) Nagpur 

(25) Danish 

(26) Ultraviolet 

(27) Saturn 

(28) Trinitrotoluene 

(29) Radioactive 
(30') Inertia 

(31) Anti reflect ion 

(32) Laser 

Group D 

(33) Roentgen 

(34) Exob'ology 

(35) Semiconductor 

(36) Equinox 

(37) Antibiotic 

(38) Ratio 

(39) Coulomb 

(40) Heavy 


self explanatory. 

Call the units-digit and the tens- 
digit of Jai Gopai’s age x and y 
respectively. So, his age is 
I0y-F‘3f; his daughter’s age is 
\0x +.V. After ten years, 


10jH-.r-f I0-2(I0.r-F>;-|-10) 


whence we get 


.I9.V-I0 



which on rearrangement gives 


y-_.(l9v4-10)/8 ...(3) 

As both X and v have to be in¬ 
tegers, 8 must divide I9jr+10. 
This gives the smallest value of 
.V as 2. So, X must be of the form 

\^-2-\Sm --.( 4 ) 


A 

C 

B 

E 

B 

C 

E 

D 

B 

A 

D 

B 

C 

A 

E 

B 

A 

E 

T> 

C 

E 

D 

A 

C 

e 


Fig. 



Fig. 6 



Fig. 7 

where /w=*0, 1, 2,. 

from (3) and (4) 

y=6 + l9m ...C 

The only value of m giving pla^ 
sible solutions for x and y < 
m—0. So X is 2 and y is 6. Th 
age of Jai Gopal’s daughter i 
therefore 26. 
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Beware of the 
common germ 
killers 


C IVILIZED men and women to¬ 
day tend to be c\tra-coni>cious 
v>rthe microbial population on their 
skin. No doubt;, this is the result of 
constant reminders about their 
existence by advertisers and sales 
promotion personnel for various 
antimicrobial products Both anti¬ 
bacterial and antifungal agtnts now 
find a place in soaps, handwashes 
K)r health-care - personnel, antisep¬ 
tics in the form of powders, oint¬ 
ments, creams. emulsionsand liquids 
for the intact skin and for cleaning 
and protecting small, supeificial 
i>kin wounds. How safe are these 
and how effectively do they do their 
job are of vital concern at any time. 

An advisory panel set up in 1974 
hy the Food and Drug Administra- 
hon, U.S.A., has so far cleared only 
^ve antimicrobials as safe and effec- 
hve for cleaning minor skin wounds. 
T'hey arc hcxylrcsorcinol, benzalko- 
ttium chloride^ benzethonium chlori- 
methylbenzethonium chloride 
3nd poloxamcr 188. However, for 
in soaps, skin wound pro- 
'^'^tants, handwashes for nurses and 


doctors, surgical hand scrubs and 
skin antiseptics, these ingredients are 
stated to be in need of further study 
to prove their safety and effective¬ 
ness. 

In regard to iodine, a one-time 
favourite, the panel has declared it 
as safe and effective for preopera¬ 
tive skin cleaning, but not for treat¬ 
ment of wounds. This is because in 
the presence ol organic matter such 
as blood, pus, etc,, iodine loses its 
germicidal power and besides, under 
certain conditions of use, the tincture 
may even adversely aflect the user. 
Needless to say, no consumer would 
like to use it regularly as a skin 
antiseptic because it stains the skin 
and clothing. 

In 1972, came the tragic news of 
the death of 30 babies, as a result of 
applying a baby powder marketed at 
that time in France. The cause of 
the deaths was later identified as 
hcxachlorophenc. The germicide had 
penetrated the skin, entered the blood 
stream and eventually produced brain 
damage in the children. 

Hexachlorophene or G 1 i was 
once acclaimed as a wonder de¬ 
odorant and germicide. Unlike many 
other antibacterials, this chlorinated 
phenol of the diphenyl type was found 
to retain its bacteriostatic proper¬ 
ties even when incorporated in 
soaps and detergents. The optimum 
concentration in soap was found to 
be 2 per cent; carbolic acid or phenol 
had practically no germicidal acti 
vity when present in this concentra¬ 
tion in soaps. Besides, it was found 
that even after rinsing off the soap, 
the HCP clings to the body surface 
for several hours, fighting the skin 
bacteria, especiaUy the Gram posi¬ 
tive staphylococci and streptococci 
responsible for minor skin infections 
and perspiration malodours. 

The baby powder, no doubt, was 
not expected to contain any germicide 
but in the process of manufacture it 
had accidentally got mixed up with 
HCP, the concentration of which in 
the powder was lafcr found to be 


6 per cent, a dangerously high level 
for any toilet powder. The incident 
triggered off a chain reaction, which 
led to many governments banning 
the use of HCP as a general antisep¬ 
tic, India banned the import of HCP. 
The chemical was taken out of 
toothpastes, powders and shampoos 
marketed in India, but not from 
some soaps. 

That the use of HCP in soaps is 
not safe for all was brought home 
once again by a study conducted on 
nurses working in six hospitals in 
Sweden during the period 1970 to 
1976. The study, presented at a r icent 
meeting of the New York Academy 
of Sciences, highlighted the high 
incidence of birth defects in infants 
born to nurses who had regularly 
used soaps and surgical scrubs con¬ 
taining up to 3 per cent HCP. Out of 
460 babies born to nurses who had 
been using the HCP soaps 10 to 60 
times a day for at least the first three 
months of pregnancy, 25 had serious 
birth defects ranging from eye disor¬ 
ders to central nervous system 
abnormalities. By contrast, a control 
group of 233 babies born to nurses 
who worked under the same condi¬ 
tions but had not used the HCP 
soaps, did not show any severe birth 
malformations. None of the nurses 
in the study were exposed to anaes¬ 
thesia gases, because these gases arc 
now strongly suspected to give rise 
to birth defects. 

Another antibacterial about the 
safety of which experts have serious 
reservations is triclosan, which is 
mainly in use in hospitals, nursing.^ 
homes and other ‘closed* environ¬ 
ments. The F.D.A. panel has 
categorised triclosan as unsafe and 
ineffective for use in hand washes for 
health-care workers, surgical scrubs^ 
and patient pre-operative applica¬ 
tions. According to the panel, tri¬ 
closan products should never be 
used on infants under six months 
of age. This precaution must of course 
be observed in regard to any non- 
prescnption bacterial formulation 
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The message seems to be clear. 
The safety and efficacy of all antimi¬ 
crobial products currently marketed, 
except the skin would cleansers con¬ 
taining the acceptable ingredients, 
arcindoubt. Infact,llicuscofmedica¬ 
ted soaps and general skin antisep¬ 
tics IS not even called for; normal 
skin has admirable defences against 
the onslaught of microorganisms. 
Even when slightly injured or inflam¬ 
ed, it has remarkable recuperative 
powers. No medicated product 
should be used on a child 
under six months, without the 
doctor’s prescription. This rule also 
applies to patients at high risk su-.h 
as burn victims, the old and the 
intirin. Skin antiseptics, skin-wound 


TJ/HEN hair colour changes from 
^ black or deep brown to white or 
yellowish while, it is called greying 
of hairs and considered a sign of 
aging 

Greying m scalp hairs usually 
begins m forties m> both the sexes. 



cleansers and protectants should 
never be used on animal bites and at 
no time should the period of treat¬ 
ment with these exceed 10 days, 
unless the doctor approves. To make 
doctors and consumers awaic of the 
inherent danger in their use, all 
antimicrobial products should carry 
adequate labelling. If anyone extols 
them and projects them as indispensa¬ 
ble aids to health and beauty, it 
could do incalculable harm to the 
health of many an unwary consumer. 

Thankamma jACon 
Adviser 

Quality Testing Laboratory 
Lady Irwin College 
AVh’ DcIhi-lKmi 


however, it may begin at any age. 
If it begins before the age of twenty 
it is called .premature greying. Some¬ 
times greying is delayed. 

It begins first ofallatthe temples 
and progesses with time towards 
crown Later ii spreads to the occipi- 




Fig. 2. Greying of hair in patches 

tal region (E'ig. I L The num¬ 
ber of grey hairs slowly incrcase.^^. 
The beard hairs become grey after¬ 
wards and Lastly, some of the bod\ 
hairs also become grey. This sequ¬ 
ence of greying Can change some¬ 
times. In grey haired individuals, 
partially pigmented hairs can also 
be seen. 

Hair generates from a pouch- 
like depression in the skin. Hair 
is made up of keratin which is syn- 
ihesized by cells called kcratinoey- 
ics. Colour of hair is due to a pig' 
ment called melanin which is pro¬ 
duced by melanocytes. These ccll^ 
are found in the swollen part of tht: 
hair root called bulb. 

In the process of greying, there 
IS a gradual decrease in the produc- 
i ion of melanin by melanocytes and 
their number also decreases gi<*' 
dually. 

Greying is an inherent charac¬ 
ter which is determined by genes. In 
individuals of the same family, there 
is predisposition to greying, h 


Fig. 1. Prematiire greyiog of air in a 17 
old boy 


Greying of hairs 
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can appear to occur overnight if 
pigmented hairs are lost selectively 
all of a sudden and Mi^>igiiicnted 
ones are retained. It ctm also occur 
due to gross malnutrtboa and in 
certain diseases like panucious anae- 
mia> hyperthyroidism aad p>rogeria. 
In progeria^ old age clMMiges start in 
childhood. The growth of the child 
IS retarded, the skin becomes wrin¬ 
kled^ scalp hairs grey aad fall olf. 
The appearance becMMS that of 
an old man. 


Grey hairs can also be seen in 
patches in diseases like vitiligo and 
piebaldism (Fig. 2). 

Vitiligo is also known as leuco- 
derma. In this skin becomes white 
in patches which can occur any¬ 
where on the body, and the hairs on 
those patches also become white 
sometimes. In piebaldism a bunch of 
white hairs is present in the frontal 
region of the scalp and the under¬ 
lying skin is white since birth along 


with white patches on certain other 
parts of the body. 

Greying of human hairs is 
irreversible. Cosmetic dying is the 
only remedy. 

L. K. Vasistha 
Lecturer 

Di’ptt of Skin and V. P, 
Institute of Medical Sciences 
Banaras Hindu Oniversify 
V aranasi-*J'J1 005 


LETTERS {Contimmifr^m page 77) 


of solid materials. The wamcc of this 
type of aerosols is living organisms 
such as viruses, bacteria, pollen 
grains, spores, trichomes (plant hairs) 
fragments of fungal hyphae, algal 
cells, filaments, insect scales and mi¬ 
scellaneous materials. 

The si/e of a particular aerosol 
is directly related to three characters. 
They are ; (i) lung deposition, 
(ii) chemical activity, and (iii) resi¬ 
dence time in the atmosphere. 

T. Sampath Kumar 
School of Environmental Scinces 
Jawaharlal Nehru Univ, 
New Delhi‘110 067 

Notonecta 

Sir, This is in regard to the article 
The insect that awims on its back by 
E. S. N. Murty (S.R., May 1979). 

The author has reported that 
^otonectay like other members of 
family Notoncctidae, arc also known 
as ‘water boatmen’, whereas watcr- 
^>oatmcn form an altogether diffe¬ 


rent family, i.e., Corixidae. Fig. 1 
of the article shows a common 
Corixid (water boatmen) belonging 
to the genus Sigara^ It is found ex¬ 
tensively in the Ganga around Vara¬ 
nasi during the present study of the 
pollution and self-purification of the 
Ganga at Varanasi. 

The Corixids as a group form an 
important biological indicators of 
clear unpolluted waters, rich in the 
dissolved oxygen content and profuse 
aquatic vegetation. 

For further references, following 
books are suggested: Fresh water 
Invertibrates of the United States 
by Robert W. Pennack, 1959, and 
Imnfs General Text Book of £/?/<?- 
wo/ogy,TenthEdition, Vol. 2; Classi¬ 
fication and Biology by O. W. Rich¬ 
ards and R. G. Davies, 1977. 

Ravi Ralph 
Deptt. of P. S, M, 
Instt. of Medical Science 
Banaras Hindu University 
VaranasU22m5 (U P.) 


First para of the article reads 
“Notonecta, an aquatic insect found 
in fresh water ponds, lakes, etc., 
floats like a boat on the surface of 
water. It is therefore known as 
‘water boatman’. The insect can also 
swim...it turns upside down while 
swimming, i.e., it is a ‘back sw'im- 
mer’. ” 

It is true that Corixids are known 
as ‘water boatmen’. ‘Water boatman* 
is only a common name which may 
also be applied to Notoncctidae. 
Please refer to T. T. Macan (1964), 
A Guide to Fresh water Invertibrate 
Animalsy Longmans, Green and Co. 
Ltd., London W. 1, (p. 111). 

The common name “water boat¬ 
man” is not so specific to Corixidae. 
However, the common name ‘back- 
swimmer’ is specific to Notonecta. 

E. S. N. Murty 
Lecturer in Zoology 
Andhra Loyola College 
Vijayawada 520008 
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What IS spray 
drying? 

S PRAY drying is the direct 
transformation of a slurry, sus- 
pension or paste into solid by spray¬ 
ing the teed into a hot drying medium 
which IS usually air. It was first 


applied to the dairy and food Indus- 
try in the latter half of the 19th 
century, and today it is finding 
applications in the manufacture of 
i about 200 materials which include 
I catalysts, ceramics, herbicides, pes- 
! ticides, pigments, dyestuffs, poly¬ 
mers and dessicants besides such 
: common items of daily use 
: like powdered milk, instant coffee, 
baby food and detergents. 

The technique of spray drying 
stands apart from other conventional 
methods of drying in terms of end 
product characteristics, the wide 
' range of moisture in the feed it can 
handle, and the ease and economics 
of the operation. It can be operated 
under perfectly sterile conditions 
giving bulk tonnage of products. 

The spray dried solids are usually 
fine powders in the form of spheroidal 
particles with comparatively narrow 
size distribution. The size range of 
a few products is given in Table 1. 
In case of food materials, this is the 
most suitable technique because the 
preservation of food quality for a 
long lime is possible by drying under 
sterile conditions. 


Table i. Particle size range of spray^ 
dried powdera (/») 


Skimmed milk 

16-300 

Instant coffee 

40-750 

Pigments and dyestuffs 

1.0-50 

Whole egg powder 

0.M5 

Ceramics 

16-750 

Silica-alumina cracking catalyst 

20-80 

Pesticides 

0.7-45 

Polyvinyl chloride 

2.5-80 

Detergents 

.30-1600 


Table 2. Droplet size range tj different 


atomizers (^) 


Pneumatic nozzle 

3-300 

Vaned disc atomizer 

1.2-750 

Wheel atomizer 

20-900 

Pressure nozzle 

^850 

Sonic nozzle 

1.2-900 


Fig. 1. Scheniatic diagrani of a spray dryer. 
A-Atomizer, B-Air bhmer, Bi-Fim 
particle blower, CH-Drying ebam- 
ber, CY-cyclone separator, F-fccd. 
PR-Product solid, S-spray^ ST-stack 






(D) 



Fig. 2. Noz/les and atomizers; (a) Pneumatic (F-feed, A-air), (b) Pressure nozzle-impinging type, (c) By-pass jet, (d & e) Rotary vaned disc 


The lay-out of a typical commer- 
ciai spray dryer is shown schemati¬ 
cally in Fig. I. The feed containing 
water by weight (i.e., in 
ihc form of a suspension or a thin 
paste) is sprayed through an atomizer 
»nto hot air. In case* of skimmed 
tnilk, colfee, fruit juice or malt, 
emulsion or the extract is sprayed. 
Air IS blown into the drying chamber 
and heated by passing through a 
heater. The heater may be electri* 


cal, oilfiied or gas-fired depending 
upon the energy source, product 
specifications and dryer capacity. 
The drying chamber is a cylindrical 
vessel f90cm-750cm dia.) usually 
having a conical base. The fincly- 
atomized droplets of spray are. in¬ 
tensively dried in contact with the 
hot air before they strike the cham¬ 
ber wall. The air loses tem¬ 
perature during the process and 
gains humidity, whiF the droplets 


lose moisture and gain temperature. 
The final moisture level, particle size 
and temperature in the dried pro¬ 
duct are determined by many factors 
—droplet size, feed rate and its mois¬ 
ture content, flow rate, temperature 
and relative humidity of inlet air, 
and dryer dimensions. A part of the 
dried product (coarser variety) may 
be collected from the bottom of the 
conical »-hamber and the fine dust 
may be carried pneumatically to a 
cyclone separator where it is collec¬ 
ted. The cyclone separator is a funnel- 
shaped device where fluid under 
pressure creates a vortex and the 
fine particles arc sedimented by cen¬ 
trifugation. A part of the product 
from cyclone separator may again 
be recycled into chamber Still finer 
particles are blown to the stack and 
collected periodically. 

The complete operation of spray 
drying may be divided into four 
stages: (a) atomization of feed to 
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TaUe 3 . ClassificaticHi of spray on the basis of feed-air contact 


entry at 

Air entry at 

Type of nozzle 

Type of spray dryer 

Top 

Top 

Pressure nozzle ^ 




Rotary atomizer > 

Cocurrent 

Bottom 

Bottom 

Pneumatic nozzle J 


Top 

Bottom 

Pressure nozzle 1 

Counter current 



Rotary atomizer J 


Bottom 

Top 

Pressure nozzle j 




(Fountain type) > 

Mixed flow 

Top 

Bottom 

Rotary atomizer J 
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Fig. 3. Classifiaition of spray dryer : (a) Co-current, (b) Countercurrent, (c) mixed flow (...feed, —air) 

spray, (b) spray-air contact, (c)dry- grooved with curved vanes) is rota- spray dryer is closely associated with 
ing of spray, and id) separation of ted at the top of the drying chamber drying temperatures and solid con- 

dried product from air. Spray dryers at a speed of 10,000-60,000 r. p. m. tent in the feed. The higher the drying 

vary on the basis of variation in and the slurry is fed into it through temperature and the solid content 

one or more of these stages. How- the top hole. The tremendous shear- of the feed, the greater the thermal 

ever, the most important stage is the ing force arising out of the centrifuga- efficiency of the process. For exam¬ 
mode of atomization which deter- tion is responsible for the atomization, pie, if the exit temperature of air is 

mines the droplet size distribution. Besides these three types of nozzles, fixed at 360 K, the increase of inlet 
There arc mainly three ways of another nozzle is also used, that is, air temperature from 410 K to 925 K 
atomization: (a) forcing only feed sonic nozzle where ultrasonic waves increases the over-all dryer cflfici- 
through nozzle under pressure, (b) generated by a siren cause very ency from 44% to 70%. Similarly, 

forcing both air and feed through a rapid oscillation of the slurry lead- an increase in feed solids from 50% 

nozzle (which is called pneumatic or ing to atomization. The droplet to 60% reduces the heat load by 50% 

two-fluid nozzle), and (c) using cen- size range achieved by each nozzle For solvent recovery spray dryer may 

trifugal force for shearing the feed is given in Table 2. be operated under closed cycle con- 

into fine droplets (rotary atomizer). Depending upon the selection of ditions, that is, instead of venting air 
Schematic diagrams of some of the a particular atomization technique to atmosphere the same is recycled 
nozzles are shown in Fig.2rOccasion- the next two stages, i.e., spray-air back after processing, 
ally, in pressure nozzles (two-fluid or contact aod the drying of spray are 

single fluid) choking may be a pro- also deeiitd. Th classification of N. C. DatTA 

blem. This is eliminated by rotary spray dryers on the basis of feed and Assistant Technologic^ 

atomization where a small disc and air entry is shown in Table 3. Fertilizer & D) India Ltd- 

(5cm-20cm dia., simply a wheel The economic operation of a Sindri 828122 {Bihac) 
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Paddy husk 
combustor 
developed 

P ADDY husk so long regarded 
as a waste, causing storage and 
jisposal problem also, can now be 
:onimercially used for drying paddy 
in rice mills. The Central Mechanical 
L nginecring p.cscarch Institute, Dur- 
gapur, and the Central Fuel Research 
institute, Dhanbad, have jointly 
lev eloped a paddy husk combustor- 
rum-heat exchanger for the purpose, 
a the instance of the Food Corpora¬ 
tion of India (PCI) and the Union 
Ministry of Food and Agriculture. 
The first plant installed at FCTs 
ice mill at Durgapur has successfully 
rompleted its trial runs recently and 
las been handed over to the FCl for 
egular operations. The plant has 
he capacity of drying about 1.2 
onnes of parboiled paddy by burning 
ipproximately 100 kg of husk per 
lour. 

Most of the modern rice mills 
n the country presently dry parboiled 
:>addy in furnace oil based units, 
^hilc such drying is costly, increa¬ 
sing scarcity of petroleum fuel, 
^Iiich is also imported, adds to their 
Problems. Besides bringing the waste 
^usk into use eventually reducing 
hying cost, the development of the 
^lant will ako help conservation 
foreign exchange to a considerable 
extent. 

FCf'^alone has 22 mills with par- 
^•ling hicility, each of which is 


required to dry 60-80 tonnes of par¬ 
boiled paddy per day with an average 
consumption of about 30 litres of 
furnace oil for drying one tonne of 
parboiled paddy. The annual re¬ 
quirement of furnace oil at the attain¬ 
able capacity of 18,000 tonnes per 
annum for these 22 units works out 
to about 12,000 kilo litres 
valued at about Rs. 1.85 crores.^Use 
of paddy husk combustor-cum-heat 
exchanger will result in a saving of 
very substantial amount of foreign 
exchange. \ 


The installation consists of a ver¬ 
tical cylindrica] combustor with a 
heat exchanger mounted over it. 
Husk is fed by screw conveyor and 
injected into the combustor with the 
help of conveying air from a blower 
and a distributor. Husk is burnt in 
suspension with primary air from a 
second blower, which is passed throu¬ 
gh a hollow main shaft and a stirrer 
casting at the bottom of the combus¬ 
tor. This is rotated very slowly, and 

{^Continued on page 131) 
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ALL IN THE HEAD by David Cohen, 
Kestrel Books (published by Pen¬ 
guin Books Ud,y Harmondsworth, 
Middlesex, England) (Indian Agents ; 
Penguin Overseas Ltd. , 706-Eros Apt., 
56-Nehru Place, New Delhi-110024), 
1979, Pp. 124, £ 3.25 net. 

TI/fOST of us—particularly artists 
and people in love -have aesthe¬ 
tic appreciation of the body’s out¬ 
ward form. Few of us take the time 
to understand its inner structures and 
functions which ,arc far more com¬ 
plex than any computer or mecha¬ 
nical invention, yet simple and eco¬ 
nomical in principle. When, if ever, 
man will understand the why of his 
existence is something else. And 
whether he will ever understand the 
relationship between the most com¬ 
plex parts of his physical equipment, 
the brain and the imponderable and 
immeasurable thought processes asso¬ 
ciated with it, is another moot ques¬ 
tion. 

Most of us in good health take the 
senses for granted and for us tasting, 
hearing, smelling and seeing seem to 
be so natural that we do not bother to 
think about them at all. The com¬ 
munications network (brain plus the 
nervous system) controls our every 
thought, our every motion, every 
step we take, every impression we get, 
even at foetus stage. 

The human body is , among other 
things, a highly tuned instrument 
for the perception of the external 
world. Vivid reports pour into man’s 
brain through his eyes, ears, skin, 
nose and mouth, describing in detail 


the variety of things on earth. Just 
as it is impossible to conceive of the 
human head without eyes and cars, 
so it is impossible to conceive of a 
meaningful life that does not partake 
of the world through the senses. 

Experiences undergone by men in 
solitary confinement show that a 
human being deprived of contact with 
the external world cannot stand the 
effect; it is disturbing, then terrifying 
—and at last the prisoner hallucina¬ 
tes the world he needs. 

In fact, the author of the present 
book stresses the importance of the 
most incredibly complicated proces¬ 
ses, viz., senses of vision, smell, taste, 
hearing and touch. 

In the introduction the author 
writes what the book is about, i.e., 
the working of the brain, the way that 
we can see, hear, feel, talk, touch and 
behave. He asks us to picture the 
brain as a huge board of flashing 
lights, on which each cell is represen¬ 
ted by a light. Every cell has either 
to be ON—firing and active—or 
OFF—inactive. He also points out 
here that he has tried to show how 
curious, complicated, interesting and 
at times simply odd is the way we 
and our senses are organised. 

Chapter 1 discusses the sense of 
vision, including the anatomy of the 
eye and the way we learn to see. 
Chapter II deals with smell and 
caste, Chapter III concerns commu¬ 
nication which also includes the ori¬ 
gin of language. The Fourth chapter 
lucidly explains what are sounds and 
the processes of hearing. In the Fifth 
and^last chapter the author describes 
the way we react—the way we look 
at things or the way we feel—love, 
happiness, surprise, anger, fear, suf¬ 
fering, disgust, contempt, etc. ^ 

The book under review is mainly 
meant for non-specialists and also 
for school children. Written in simple 
language, each chapter is illustrated 
with interesting diagrams. There arc 
also a few cartoons. The step-by-step 
exposition of the subject matter is 
praiseworthy. 


The author has described many 
experiments carried out on the senses. 
He also suggests some that we might 
do ourselves. The results of these 
experiments are amazing and they 
convince one of the extraordinary 
powers of one’s head and its con¬ 
tents. However, if the view of 
Margaret Liley (The Secret World of 
The Unborn, Reader'* s Digest, 
November 1965) —that the unborn’s 
eyes open and shut about the eighth 
month and are able to distinguish 
between light and shadow and 
that the womb is a noisy place 
and even the outside noises come 
through to the baby quite clearly 
apart from mother’s heart beat and 
rumbling of intestines—is accepted, 
it goes against David Cohen's opinion 
(p. 89) : “In the chapter on vision, I 
pointed out that we are not born 
seeing. We have to learn to sec. You 
might expect, therefore, the baby to 
be born a little deaf, too. Cooped up 
in the womb, what could it have 
heard?” 

The book is very interesting but 
the price is somewhat on the high 
side. 

C. Lalitha 


prck;ress in polymer sci¬ 
ence, VOLUME V by A.D, 
Jenkins (Ed.), Pergamon Press^ Hea- 
dmgton Hill Hall, Oxford 0X3 
OBW, England, Pp. 237, J 37.50 

T his journal aims to bridge the 
knowledge gap between the ori¬ 
ginal literature and the working 
knowledge of the individual scientist 
in the leld of polymers. Research 
in the various branches of polymer 
science is expanding very rapidly. Ai 
present, several thousand original 
papers and numerous patents arc 
published annually in this field by the 
workers of several countries. And the 
advent of multidisciplinary journals 
have made the situation more com¬ 
plicated for the individual scientist 
to locate the iterature of his interest. 
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Uader these circumstances, the effort 
of this journal to keep abreast the 
scientists in their specialized fields 
is quite appreciable. 

The volume under review is the 
fifth issue of the journal. It consists 
of three articles. Gas chromatogra¬ 
phic measurement of polymer struc¬ 
ture and interactions is its first topic. 
Usually gas chromatography has 
been extensively used for separation 
and estimation of organic materials. 
Recently, it has been used as a tool 
to get information regarding the 
structure and thermodynamic para¬ 
meters of polymers. These potentiali¬ 
ties have been discussed in the re¬ 
view. The review includes the method 
to estimate the glass transition tem¬ 
perature and degree of crystallinity 
of high molecular weight polymers 
from the gas chromatography. Be¬ 
sides these major applications, seve¬ 
ral other types of applications have 
also been discussed. The review con¬ 
tains 173 references and covers 
literature upto 1976. 

Photochemical probes in poly¬ 
mers is the subject of the second arti¬ 
cle. Studies on photoimaging systems 
and polymer photodegradalion are 
well-known in the recent past. These 
works mainly deal with practical 
aspects such as photography, litho¬ 
graphy, etc. But, only recently, efforts 
are made to understand the details of 
the light polymer interactions on a 
microscopic level.. The review des¬ 
cribes such efforts and the main con¬ 
clusion thus obtained. Investigations 
of the effects of microenvironmental 
polarity on the kinetic behaviour of 
photoisomerization process have 
been included with few examples. 
The role of impurities in polymers on 
luminescence is also described. The 
phenomenon of energy migiation 
along a polymer chain has been well 
documented for a number of poly¬ 
mer systems. The review covers litera¬ 
ture upto 1975 and has 108 references. 

Polymer-supported catalyst is 
themt of the last article, 
^he use of both soluble and 


insoluble catalysts in chemical 
reactions is almost as old as chemistry 
itself. Acid catalyst is a typical ex¬ 
ample of homogeneous catalysis which 
has been known and applied for a 
long time. On the other hand, the 
hydrogenation of unsaturated com¬ 
pounds by metals such as platinum, 
palladium or nickel, a repre¬ 
sentative example of heterogenous 
catalysis, goes back to the early nine¬ 
ties. The major disadvantage of 
homogenous catalysts is the need to 
separate the reaction products and 
to recover the catalyst, which is often 
somewhat more expensive than a 
‘classicaP heterogeneous catalyst. 
Then appeared the idea that the ad¬ 
vantages might be retained and dis¬ 
advantages overcome, if the homo¬ 
geneous catalysts were cither deposi¬ 
ted onto a solid support or, better, 
chemically bound to it. So was born 
the 'supported homogeneous catalysis*. 

The review is mainly divided into 
two sections. The first section gives 
the details of methods used to anchor 
known homogeneous catalysts upon 
a polymer. It also describes briefly 
the applications of bounded catalysts. 
The next section contains the kinetic 
aspects of supported catalysts and a 
comparison with homogeneous cata¬ 
lysis in order to shed some light on 
the influence of the presence of ‘a 
support* on the catalytic pheno¬ 
mena. Lastly, the technological as¬ 
pects of the polymer supported cata¬ 
lysis jis briefly given. There are several 
tables at the end of the text which 
facilitate in locating the work on any 
particularly support-polymer or on 
any functional group. The review co¬ 
vers 364 references and literature 
published upto 1978. 

This volume provides three in¬ 
teresting review articles for those 
actively engaged in research'and for 
those interested in the technological 
aspects of polymers. This issue as 
well 4$ other issues of this journal will 
be a valuable source of information 
to all polymer scientists. 

Alok R. Ray 


CHEMISTRY OBJECTIVE TESTS 
edited by N. S. Gnanapragasam ^ 
Sultan Chand & Sons.^ 23, Darya- 
ganj. New Delhi-110002, Pp. 332, 
Rs. 12.50. 

r TNDERSTANDING of chemis- 
try and other sciences requires 
much more than mere memorization 
and cataloguing of factual data. A 
student should be able to develop 
dexterity in solving problems and the 
ability to grasp the concepts. This 
book will be of help to students in 
learning the principles of chemistry 
as well as solving new prob¬ 
lems. 

With the introduction of 10 + 2 
pattern of education and the reforms 
introduced in the examination system, 
the conventional essay type questions 
are being replaced by objective type 
questions at the school, college and 
university levels. The marking of 
objective type questions is quick, 
reliable and reproducible. Moreover, 
a large portion of the syllabus can 
be covered. 

The book under review contains 
more than 2,300 objective type quesr 
tions in chemistry from general, in¬ 
organic, organic and physical che¬ 
mistry of the B.Sc. level. On the face 
of it, this multiple choice pattern of 
objective questions is simple an(l easy 
for the candidate. But, it requires 
the full understanding of the subject 
to find the only correct answer in the 
three to five seemingly correct ans¬ 
wers. 

It would have been better for the 
students had the author revised the 
text and removed certain factual mis¬ 
takes which have crept in the final 
print. There are printing errors which 
could have been removed at the time 
of proof reading. 

On the whole, the book may be 
useful for those preparing for com¬ 
petitive examinations and also for 
those who want to test their know¬ 
ledge of chemistry. 

Subhash C. Hari 
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MOMENTUM TRANSFER OPER¬ 
ATIONS by Santpsh K. Gupta, 
Tata McGraw-Hill Publishing Com- 
pany Limited,^ 12/4, Asaf Ali Road, 
New Delhi-110002, 1979, Pp. 336, 

Rs. 36.00 

A NY chemical plant is visualised 
as a sequence of particular unit 
operations. Knowledge of unit ope¬ 
rations simplifies the study of large 
and complex chemical industries. 
Unit operations involve only physi¬ 
cal changes^ in particular, the transfer 
of momentum, heat and mass. An 
understanding of transport pheno¬ 
menon is a pre-requisite for under¬ 
standing of topics covered in unit 
operations. The book under review 
is entirely devoted to unit operations 
which involve the transfer of mo¬ 
mentum, and fills the gap that exists 
in this subject. 

An introduction to the elements of 
unit operations, property estima'- 
tion and accuracy analysis is given in 
the first two sections. The inter-re¬ 
lationships between process design, 
equipment design and unit opera¬ 
tions are functionally discussed. 


1. INTRODUCTORY CTIEMIS- 
TRY by . M. Katyal, Oxford 
University Press, New Delhi, 
Pp. 288, Rs 10.50. 

2. CHROMATOGRAPHY OF 
PETROLEUM AND PETRO- 


Principles of fluid mechanics with 
special reference to flow through 
pipeline systems and fluid flow and 
pressure measuring devices are briefly 
described in sections three and four. 
Details of structure and operating 
characteristics of some common 
pumps and compression equipment 
such as positive displacement pumps, 
centrifugal pumps, blowers and com¬ 
pressors are dealt with in section five. 
In addition to design formulae, the 
scope and limitations of each type of 
pump and compressor as well as their 
selection factors are presented. The 
same pattern of presentation is fol¬ 
lowed throughout the text. 

Vacuum production devices such 
as oil sealed rotary vacuum pumps, 
roots pumps, diffusion pumps, steam 
jet ejectors and equipment used for 
mixing and agitation operations are 
detailed in sections six and seven. The 
principles governing the flow of solid- 
fluid and comminution (size reduc¬ 
tion of solids) systems are discussed 
in sections eight and nine. Some Of the 
common crushing and grinding 
equipment such as jaw crushers, gyra¬ 
tory crushers, roll crushers, pan mills. 


Books received 

CHEMICALS Ed. by Sukumar 
Maiti, Symposium Director, 
Materials Science Centre, Indian 
Institute of Technology, Kharag¬ 
pur, Pp. 374 4- Index. 

3. DIAGNOSTIC TESTING IN 


disc crushers, ring roll and ring ball 
mills, hammer mills, tumbling mills 
and fluid energy mills are described 
briefly. Selection chart for size reduc¬ 
tion equipment on the basis of hard¬ 
ness and fineness of material is also 
presented. The next two sections are 
devoted to the study of separation 
devices working on the principles of 
gravity and centrifugal forces. In the 
last three sections, topics such as 
flow of fluids through packed beads, 
fluid-solid conveying systems and 
filtration devices arc briefly but func¬ 
tionally explained. 

The book is useful for students 
of chemiEcai engineering and those 
practicing engineers engaged in plant 
and equipment design. Both S.I. and 
British units are concurrently used 
throughout the book. For every type 
of equipment, the design equations 
are derived ffbm first principles. 
These are adequately supplemented 
with design drawings, characteristics 
curves and selection factors. Refer¬ 
ence literature cited at the end of 
each section is an added asset. 

V. Govindarajulu 


ADVANCED CHEMISTRY 
by A. Brookes and W.A.H. 
Scott, Hodder and Stoughton, 
Mill Road, Dunton Green, 
Seven Oaks, Kent TN 13 2 YD 
(U.K.), Pp. 177, Test Vol. 
£ 1.85; Complete Vol. £ 3.25. 


AIEDICAL NOTES {Continued from page. 125) 


munization is the basic and practical 
tool to control the disease. The pri¬ 
mary course of active immunization 
in combination with immunization 
against poliomyelitis, tetanus and 
pertussis (whooping cough) is ad¬ 


ministered within the first year of 
life, preferably at about the third 
month. This is followed by one sti¬ 
mulating dose administered two years 
later and another at the time the child 


goes to school. 

Pradip Chakravarti 
Biochemistry Deptt- 
Dayanand Med. College & Hospital 
Ludhiana-MlOO^ 
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FINDING PERFECTION.... 



WITH AN ACCUMEASURES VERNIER CALIPER. 


For the user on the lactory floor, an Accumeasures Vernier Caliper 
ensures perfection in his job. Because it embodies 'precision to the 
last micron.' 

Manufactured by Accumeasures Punjab Limited, in technical collab¬ 
oration with P-E Consulting Group.of London, the impeccable quality 
Accumeasures Vernier Calipers incorporate important values. These 
Vernier Calipers . 

— are designed to ensure proper balance and easy handling; 


— are hardened, precision ground and lapped to ensure 100'\ 
accuracy. 

have their graduations and numerals photo-elched, and painted 
jet black on a satin chrome, no-glare surface, to prevent eye 
, strain. 

— are made in stainless steel, to give total protection against 
corrosion, and an extra long wear-life 

Using an Accumeasures Vernier Caliper means finding perfection 

Accumeasures also manufacture Vernier Height Gauges. Micro- 
nieiers. Screw Plua Gauges 

"Accumeasures and accuracy hand in hand 



^•Itphoots 87S69 8.^570 PRECISION T»lti . 39 259 API. IN 
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WHATEVER YOUR OTHER SCHEMES 
OF STUDIES FOR IIT EMTRAMCE,YOU 
WILL BE RASH TO IGHORE OUR 


Y.G. 


FILE I ISSUED AS A FREE 


SUPPLEMEHT TO BRILLIANT’S 
POSTAL COURSE FOR IIT-JEE 1980 

( Enrolment now on ^ 


FILE 


Y.G. 


BRILLIANT TUTORIALS 


is a portfolio of 250 provocative 
problems in Physics wMi worked 
out solution 


12.l\/lasilamani Mudali St.,T.Nagar Madras-17. Ph;442099 


Also elaborate Postal course for MBBS Entrance Exams all over India 


FOR SURE SELECTION IN MEDICAL €t 
ENGINEERING 
READ 

1- Objective guide for Medical admiseion 
test 1980 edition. 

Price : R$. 35/- Postage : Rs. 6/- 

2. Objective guide for Engineering admis* 
sion test 1980 edition. 

Price ; Rs. 30/- -r Postage : Rs. 4/- 

3. Objective Numerical in Physics 
Price : Rs. 20/- 4- Postage ; Rs. 4/- 

4. Objective approach to Organic 
Chemistry 

Price Rs. : 14/- +• Postage : Rs. 3/- 
Kindly try your local bookMoHen 

POPULAR BOOK STORES 

Opp Patna College 
Patna-800004 


MEDICAL ENTRANCE 



Sunil Kumar Bansal 
^ ^ Medical 

1 Entrance 
Delhi '77 



Raghavendra Qoawamfl 
^ ^ Medical 

1 glT Eirtranca 

Wardha '77 



Bhupindar Bhandari 
^ ^ i'' Medical 

1 S&t Entrance 

n.iki "re 


THESE TOPPERS WERE OUR STUDENTS 


NEED WE SAY' 
ANYTHING MORE ABOUl 
OUR RESULTS ?i 



You too. hBvo 
on o|»portunity 
to Bocurd • 
pOBitlOD 
In thoso toBiB. 


ENSURE YOUR SUCCESS THR0U6H OUR COMPREHENSIVE 

CORRESPONDENCE COURSE 


SACHDEVA NEW P T. COLLEGE 


29-R. PATEL NA6AR. NEW OELHI-110008 
32-R. NEHRU PLACE, NEW OELHI-110019 
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Developing Technology 
for self-reliance in sophisticated 

Instruments 


Undtr the Instruments Development prog¬ 
ramme of the Department of Science and 
Technology, CEL has developed and is 
manufacturing instruments which are 
useful in teaching, research and indus¬ 
try. These instruments have been deve¬ 
loped in collaboration with premier R fr D 


organisations in the country like BARC 
Bombay and l.l T. Kanpur 

The modular concept of designs of these 
instruments allows the user to choose 
an espenmental geometry best suited to 
his applications. 


NITROOBN LASER PHOTON COUNTER 
SYSTEN NtS-20 PCS-30 __— 




Photon counting instruments are useful 
in measuring extiemely weak signals such 
as from o photomultiplier or electron 
multiplier. Very useful for applicatuns 
involving low light levels System consists 
of a pulse amplifier. discriminator, a high 
speed counter and ratemeter A high voltage 
supply 0-2 KV. 1 mA tor a photomultiplier 
is included in the package An ideal unit 
to go with the Monochromator or any 
apactrophotometcr system. 


DtFFMCriON 




yj 

PS-102 


NLS-70 consists of the laser head NL103 
and power supply unit PS 102. Thit system 
delivers JOO KW peak power UV pulses 
of 10 n sec duration. Tha wava length 
of the emitted radiation is 337 nm. An 
ideal souica for fluorascanca ascitation. 
dya laaar pumping and photochamical 



pa 

• ' < 

1 ? 

This grating monochromator 

combines 

high light gathering power 

(f/3 5) and 

axcellent resolution (0 4 nm|. 

Hence it 

can be used as a light source 

or as an 

enalyticel instrument With 

standard 

1200 d/mm grating, the ran 

ge IS 200- 

1000 nm, which can be increased by suit- 1 

able eelection of gretings. It 

IS of syme- 

tricel Cierny-Turner design. 

_ 



Holographic Transmission and reflection 
gratings and also Replica reflection 
gratings Thasa art useful for school and 
collega experiments end also for use in 
instruments like Monochromators Calori- 
matars, and Spectrophotometers. 600 
and 1200 f/mm available 


For further (iet.nfs. rn . 


CEL) CENTRAL ELECTRONICS LIMITED 

A Govt, of Indiii (D.S.T.) finlurprise 


Factory : lr>clustnal Area. SAHIBABAD (U.P ) 
Grams : CELF TRCOF^E Telex ; CEL 0592 203 IND . 


leU'phone : 202192 
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The Agfa Isoly-Il takes peifeci 
snapshots of even split-second 
action scenes Close the 
apertui e down to 1/ 1 1 to gcd 
lust the 1 ighi fiviction of lic 4 ht 
to th( film Set the shuller 
.■>f)eed at a fast 1 100 second 
fast i- noLigh to freo.:e the 
quickest action Shoot liom 
a distance of 4 m on 125 ASA 
nlin The result'^ Split-sc^cond 
action fiozc'ii foiover 


Acffa isoly II is a qieat 


all-iound camera You simply 
adiiist settincjs. distance and 
fikn to captuie oveiy detail, 
neai oi distant, oi a landscape, 
r/et close enough to snap 
a leopaid snarhnq or take' 
a pel feet picdiue in dim, 
soft licjhl 

The Agfa Isoly-II is built to 
German specifications and 
unde 1 goes ovei 100 c^xacling 
tests 


See this fine camera today at 
youi fi lendly Agfa dcalei. 
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(HjRfH^istered Ti.Kli'riljrn at Aa' ' ' ' 
Ai.t'Aerp I 11^1 Mjhh; ' m ' 
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Can a teacher be prosecuted for inflicting corporal punishment ? Fs a teacher liable for accidental death 
of a student taken out on excursion? Can a student be penalised for short attendance, deficiency in admission 
qualification or getting admission by fraud after the examination is over? What arc the requirements of NATURAL 
JUSTICE? What arc the implications of the fundamental right to EQUALITY in the matter of admission to 
institutions? What are the rights of (a) a minority community (b) others in establishing and managing an institu¬ 
tion? Is education an industry? Can a teacher raise an industrial dispute? Arc educational authorities keeping 
abreast of the law? For answers to these and many other questions sec P.C. Banerjee's 

THE LAW OF EDUCATIONAL INSTITUTIONS 
(1979) Price Rs. 20/- (Rexin Bound) 

Can a very short term contract appointment (say for nine days) attract provisions relating to retrench¬ 
ment and be invalid necessitating reinstatement and back wages? Can a workman be dismissed or otherwise puni¬ 
shed without holding any inquiry at all? Who can hold an inquiry and how is an inquiry to be held? Can service 
of a workman be terminated under terms of contract when he is guilty of misconduct? How do consequences differ 
in case of dismissal as punishment and termination of service under terms of contract or rules? Can a workman 
w hose service is terminated in violation of statutory provisions, proceed to realise wages without getting the 
termination set aside? dan back wages be awarded for any period prior to date of serving of claim for reinstate¬ 
ment to the employer? Can wages and other dues be recovered by a civil suit? Can prosecution of an employer be 
continued after he makes good the default? For answers to these and many other questions sec P.C, Bancrjec’s 

THE LAW OF DISMISSAL AND PUNISHMENT 
(October 1979) Price Rs. 15/-(Rexin Bound) 


Also hv same author : 

THE LAW OF PUBLIC SERVANTS 
(3rd.ed. December 1978) Price Rs, 20/- (Rexin Bound) 

Includes t Evolution of the law relating to public servants; Scope of pleasure of the President or the Govern* 
Protections available to public servants; Procedure and different aspects of disciplinary proceedings; Typical 
defects in inquiry; Effects of fundamental rights, natural justice, pendency of civil and criminal proceedings etc. 
Remedy against mahfides; Confidential character rolls; Position of employees in public undertakings and statu* 
tor\ bodies etc. 

EVIDENCE IN CRIMINAL CASES (with Indian Evidence Act) (July 1979) .. Rs. 22/-. 

WRONGS AND REMEDIES . Rs. 15/-. 

LAW OF ELECTIONS .. Rs. 15/-. 

handbook of industrial employment [(with Industrial Disputes Act and Industrial Employment 
(Standing Orders) Act)] .. Rs. 18/-. 

LAW OF CORRUPTION (with Prevention of Corruption Act and extracts from Indian Penal Code) (1980) Rs. 20/- 

All rexin bound. Will be supplied by regd. post free of packing.and postage charges if price is remitted 
in advance. If required by VPP full postage will be charged. 


PURNA PUBLISHING HOUSE 
B101261, KALYANl, West Bengal 741 235 



to our 

contritMJtoro 

• SCIENCE REPORTER welcomes artides of absorbing interest on science and technology. Contributions 
published in the Journal will be paid for. 

0 Articles should be sent to the Editor. SCIENCE REPORTER. CSIR, Rafi Marg. New Ddhi*l 10001. 

• The form and manner of presentation of the subject should be easily understandable to the undergraduate 
level. 

• The length of the article, written exclusively for the Journal, may be about 2500 woixls. 

• The matter should be typewritten, double space on one side of the paper; the original and a carbon copy 
are to be sent. 

• The article should preferably be illustrated; captions and legends typed separately and attached at the end of 
the article. Photographs should be on glossy paper. 

• While quoting names of scientists, etc., their initials, nationalities and periods of research under reference 
should invariably be mentioned. AO weights and m cas nre s sh on ii he given in Metric Unta* 

• A short note about the contributor should also accompany the article. The note should contain age. 
academic accomplishments, important assignments held, fields of research and hobbies. 

• Articles or illustrations published in the Journal can be reproduced with permission of the Editor. 

• The Editor reserves the right to rcfect even invited articles without assigning any reason. 
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Caver: ]>r. Abdns Sabun. Tfic Rccom- 
puiying illustration is the tell¬ 
tale track (thick line) of a 
particle in a bubble chamber 
which proved the existence of 
neutral currents as predicted by 
Salam and Weinberg {From: a 
photograph taken at Argonne 
National iJiboratory, U.S.A.) 
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The Council of Scientific & Industriaii 
Research assumes no responsibility for 
the statements and opinions advanced 
by eontributors and editeniai staff. 
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Kegressive scientific research 


Sir, The article Regressive scienti¬ 
fic research by Jagjit Smgh (5.R., 
October 1979) was highly impressive 
and to the point with reference to 
the present status ot researches as 
a whole. No doubt, the researches all 
over the world could be grouped 
into two types - the basic and the 
applied ones. The aim of basic 
research in any scientific field is to 
resolve the hidden mysteries in either 
living or non-living components of na¬ 
ture. Us importance, hence, Cannot be 
ignored. It gives rise to the birth of 
the applied aspect. Both types are, 
therefore, interrelated. The direc¬ 
tion of the applications of basic 
research depends upon the mental 
make up and approach of a researcher 
engaged m a particular problem, 
intensity of the problem in an area 
concerned, etc. 

However, what \vc call regressive 
type of research can be certainly 
reduced. If we wish to see that our 
researches do not go waste in future, 
we would have to think of them 
seriously in terms of their role in 
national development. The major 
pr 'blcms which have direct bearings 
u{ jn public welfare need to be pooled 
and highlighted from time to time. 
Research projects related to them 
could be financed accordingly by 
various financial agencies. What we 
lack are not the talented researchers 
and research facilities, but proper 
research programmes. Aquatic weeds 
in various ^ter bodies like ponds. 


lakes, canals, etc . is one oi the most 
serious problems in many parts of 
India There is urgent need to 
find ways to control them. Such type 
of approach could possibly be one 
of the answers to control the increas¬ 
ing amount of regressive type of 
research. 

R. K. Raghuv\nshi 
Lecturer, Botany Deptt. 

University of Rajasthan 
Jaipur 


Kmg's dilemma 

In the article Exponential varia¬ 
tion with time—a natural law of change 

(5.R., January 1979), H.S. Ray has 
narrated the story how a clever per¬ 
son brought min to a king who 
thoughtlessly acceded to give to him 
one grain of rice one day, two grains 
for the second day, four grains for 
the third day and so on for a month 
or two. 

Prof. G. Gamow has given a 
slightly different and interesting ver¬ 
sion. According to him, an Indian 
king wanted to reward his minister 
for inventing the absorbing and 
thrilling game of chess. The crafty 
minister made the innocuous demand 
of grains of wheat in the above 
manner for all the 64 squares of 
the chess board. The king was 
delighted at such a simple request 
but belatedly realized that the entire 
world’s wheat production for the 
period of several centuries would 
not suffice to satisfy the demand of 
his minister. The number of grains 
asked tor by the minister may be 
represented as follows : 

l4 2^2*^-2»f2M.+ 2« = 

2** I, which comes to an astound¬ 
ing 18, 446, 744, 073, 709, 55!, 615. 

S. K. Gurtu 
Defence Science Laboratory 
Metcalfe House 
Delhi imU 


Starwitchbig 

Sir, Kudos to the series A Guide 
to StarwatdiiBg through which S.R, 
has kindled the interest of the readers 
in the ni^t sky. S,R. can further 
encourage amateur astronomy by 
expanding the scope of the monthly 
feature Pfaiuets and their positions 
to rover more details, like the 
observational information on 
Uranus, Neptune, favourable minor 
planets, meteor showers, etc. All 
these celestial phenomena are 
within the reach of the amateur’s 
optical aids (binoculars and small 
telescopes) but are not observed for 
want of information. 

K. Rajagoplan 
Central Ground Water Board 
Bangalore 560 041 

II 

Sir, This is to thank you for your 
Guide to starwatching serialised over 
the 12 months in 1979. 

1 still remember the thrill I recei¬ 
ved when, after locating the “V” of 
the Taurus, 1 spotted twelve con¬ 
stellations one after the other, using 
your illustrations as a guide. The 
beauty of the Pleiades cluster, as 
seen through binoculars, is better 
seen than described. 

I would recommend to all my 
friends who have not yet made an 
acquaintance with the stars to do so. 
The pleasures of starwatching are 
too many to be missed. 

Sakjeev Sabhlok 
ll2y Ulsoor Road 
Bangalore-560042 

Hypmbolcstorolettiia 

Sir, Cholesterol—a cause for 
coBfiera (5.R.» November 1979) 
gives us an opportunity to focus our 
attention on the prevention and 
treatment of hypercholesterolemia^ 



We now have the knowledge to 
prevent and symptomatically treat 
bypercholesterolcmia. It is wiser to 
j.>revent the condition in the first 
instance. The following measures can 
help : 

1. Take less than 30% of your 
total calories in the form of fat. 
Atherosclerosis is more common 
when fats constitute more than 40% 
of the calories. 

2. Restrict your consumption of 
animal fats. They have large amounts 
of saturated fats. They arc harmful. 
Instead of animal fats, take vegetable 
oils like groundnut oil, sunflower oil, 
safflower oil, cottonseed oil oi gingelly 
oil. These vegetable oils have larger 
quantities of polyunsaturated fats 
which prevent hypercholesterolemia 
and its complications. 

3. Regular exercise is invaluable 
in burning out excess fats from the 
body. 

Drugs can be tried in hypercholes¬ 
terolemia if it cannot be controlled 
by diet and exercise. Cholestyramine, 
thyroxine and estrogens arc specifi¬ 
cally used in its management. Choles¬ 
tyramine binds to bile salts in the 
intestine and prevents their absorp¬ 
tion; thus bile salts are excreted in 
the faeces. Also, production of bile 
salts increases to replenish the loss. 
Since the latter arc derived from 
cholesterol, larger amounts of it 
arc utilized. Consequently, the con¬ 
centration of cholesterol in blood 
decreases. 

Thyroxine, the hormone of the 
thyroid gland, acts through a diffe¬ 
rent mechanism. It both increases 
production and excretion of choles¬ 
terol. Obviously, to lower the blood 
cholesterol, excretion must be higher 
than production. 

G. R. Sridhar 

D^20y Medical Officers* Quarters 
Visdehapatnam 630002 


Balanites 

Sir, 1 was surprised to read the 
article Balanites—a contraceptive 
plant of the Indian desert in Dec. 
1979 issue of your journal. Much of 
the information given in the article 
has already been published in May 
1976 issue of Science Reporter under 
the heading Balanites roxburghii 
as a source of diosgenin. 

In the present article, the distribu¬ 
tion of plant has been given as wild 
all over the Thar desert and also 
Panjab and Sikkim. From this state¬ 
ment it appears that Thar desert is 
having a lavish vegetation. If it is 
the case, then why it is a desert? 
Similarly, 1 fail to understand where 
the plant grows in Panjab and 
Sikkim. 

The information provided in the 
article is based on old floras, the 
present position is quite different. 
During a special survey of Indian 
deserts in 1978, I could find the 
plant only at a few isolated protected 
places. In the semi-arid areas of 
Sagar Division in M. P. also the 
plant could be seen at a few places. 
During the field studies I have found 
that the majority of the plants have 
been burnt as fuel wood and position 
of Balanites roxburghii now is not 
better than Dioscorea deltoidea. 

If the plant is to be economically 
exploited it will have to be cultivated, 
but the return may not be much. As 
the position exists today instead of 
diosgenin shortage there is a diosge¬ 
nin glut. Recovery of protein and fat 
is also doubtful from it, because 
much of the seed kernels are eaten by 
the insects by the time the fruit 
matures. 

The information regarding Dios¬ 
corea spp. is not up to the mark, it 
refers to Dioscorea deltoidea only. 
Z)« floribunda and D. composita have 


been cultivated in some places in 
India and these plants are providing 
raw material to the industry. 

Lastly, the title of the article is 
misleading. Balanites as such is not 
used as a contraceptive, but the 
extract of it has to undergo many 
physicochemical changes before 
it is incorporated into a pill. 

H. S- Puri 
Research Officer^ Botany Deptt. 

Panjab Univ.y Chandigarh 

Tunnel makers 

Sir, Tunnel makers {S.R.y Nov. 
1979) by S.K. Beri has been limited 
to a few examples of tunnel-making 
insects. Besides the Agromyzidae 
family of the order Diptera, there are 
other insect pests like citrus leaf- 
miner {Phyllocnistis citrelld}^ a 
notorious pest of citrus in India; 
P. toparch on grapevine and 
P. chrysopthalma on cinnamon. All 
these species belong to the order 
Lepidoptcra and the family Phylhc- 
nistidae. The order flymenop^ ra 
(family Tenthredinklae)^ also have 
some leaf-miners. Out of these, 
Fenus pusilla) birch leaf-miner is 
an important pest in the U.S.A. 

These leaf-miners can easily be 
controlled by the application of 
systemic insecticides like phosphami- 
don, methyldemeton, dimethoate, 
dlsufotan, phorate, etc., which are 
translocated in the systems of plants 
after their application. 

JiTBKDRA Kumar 
B. S. Bhardwaj 
Divn. of Entomology 
LA.RJ., New Delhi 110012 
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The moon 

N ew moon occurs on 15th at 
9.16 a.m. and full moon on 
30th at 1.05 p.m. I.S.T. The moon 
passes very close to Mercury on 
13th, nine degrees south of Venus 
on 18th, about two and a half 
degrees south of Mars and about 
a degree south of Jupiter on 24th 
and half a degree south of Saturn 


on 26th. The lunar crescent becomes 
first visible after the new moon day 
in the evening of 16th. 

The moon is at perigee or 
nearest to the earth on 14th and at 
apogee or farthest from it on 27th. 

The planets 

Mercury a morning 

star^ rises about an hour before 


sunrise during the mouth. Towards 
Che end of the month, it is too near 
the sun to be visible. It is at the 
greatest western elongation of about 
28^ from the sun on 2nd. It moves 
ftom Aquarius {JKunAhd) to Aries 
{Mesha) through Pisces {Afina). Its 
visual magnitude varies from +0.6 
to 0.5. 

Venus {Sukra) an evening star, 
visible on the western horizon sets 
about two and a half hours before 
local midnight during the month. 
It is at the greatest eastern donga* 
tion of about 46^ from the sun on 
5th. It passes about 9"" north of the 
star Aldebaran (jRo/rmi) on 15iii. It 
is in Taurus {Vrisha), Its visual 
magnitude is about — 4.0. 

Mars {Afangata)y visible in the 
evening sky, sets about three hours 
after local midnight during the first 
half of the month and about two 
hours after it during the second 
half. It becomes direct on 6th. It 
passes about 2^ north of the star 
Regttlus {Magha) on 30th. It is in 
Leo {Simha). It visual magnitude 
varies from — 0.3 to + 0.4. 

Jupiter {BrihaspQti)y visible in 
the evening sky, sets about three 
hours after local midnight during 
the first half of the month and 
about two hours after it during the 
second half. It becomes direct on 
26th. It is in Leo {Sinih(f). Its visual 
magnitude is about — L.9. 

Satuni {Sani)y visible in the 
evening sky, sets about an hour 
before sun rise during the first half 
of the month and about two hours 
before it during the second half. It 
is in Leo {Simha). Its visual magni¬ 
tude is about +0.9. 

{Source : Positional Astronomy 
Centre, India Meteorological Depart¬ 
ment, P-S46, Block (Is! fioor). 
New Alipore, Calcutta-700 053.) 





REACHilG FOR PERFECTION- 

REACHING FOR AN ACCUMEASURESIWCROMETEB. 

Accumeasures Micrometers embody 'precision to the last micron.' They are 
lOO^^o accurate. 

Manufactured by Accumeasures Punjab Limited, in technical collaboration with 
P-E Consulting Group, of London, the impeccable quality Accumeasures Micro¬ 
meters incorporate important features : 
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By resordng to gauge fields* Salam luts unified die two, 
weak and electromagnetic, forces out of the lour in 
nature, into one called *electro-weak* 


A BDUS SaIanl^s Nobel Prize 
^ winning new theory unifying two 
of the four fundamental forces of 
nature is an old dream that seeks to 
unify the immense diversity of things 
in our universe. Xenophane*s “All 
is one”, Aristotle’s all-pervasive sub¬ 
stance, Cartesian plenum, 19th 
century ether, Maxwellian electrody- 


Herman Weyl are all attempts with 
varying mixtures of physics and meta¬ 
physics to realize that ancient goal. 
Salam-Weinbcrg theory of what 
Salam calls “electro-weak” inter¬ 
action is yet another endeavour to unify 
the apparent diversity of things. It is 
as great an advance in physics today 
as was the Faraday-Maxwelt unifica- 


and forces a simpler underiying order. 
If the four forces, for example, could 
be shown to have a common origin 
and thus viewed as different manifes¬ 
tations of a single more fundamental 
entity, a more satisfying understand¬ 
ing of nature would ensue. It could 
perhaps throw new light on many 
unsolved problems of modern phy- 


Abdus Salam: 
TOWARDS A UNIFIED 
FIELD THEORY 


namics, Mendeleev’s classification 
of elements in the Periodic Table, 
Ostwaid’s energetics, Einstein’s rela¬ 
tivity, unifying theories like that of 


ELECTRDMt 



tion of electricity and magnetism a 
century ago. In order to comprehend 
it a short digression on the current 
status of unification mechanisms in 
modem physics is necessary. 

All matter in the universe is now 
believed to consist of a few scores or 
more of elementary particles^ and all 
phenomena the outcome of their 
interaction through the agency of 
four kinds of forces. They are called 
strong, electromagnetic, weak and 
gravitational forces. For the past few 
decades the feeling has persisted that 
nature need not be so complica¬ 
ted and that it should be possible to 
discover in the diversity of particles 

Fig. 1. Model of aq atom 


sics and cosmology like the origin 
of the uniymCy tlw vexing question 
of black holes and Schwarzchild 
singularity. Who knows? But the 
task of unifying them all still bristles 
with great difficulties. For the four 
fundamental forces of nature seem 
at present as unlike as chalk and 
cheese. Thus gravity keeps the pla¬ 
nets coursing in their orbits around 
the sun, dectromagnetism sustains 
all chemical reactions like combustion 
and respiration, strong interaction 
between nuckar particles like protons 
and neutrons makes the sun and stars 
shine, and weak interaction governs 
more weird processes like p-dccay 
of radioactive donenls. Further, while 
the fonn^ two are lon^ range ex* 
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tending up to and beyond the remo¬ 
test stars and galaxies, the latter are 
short range efTective only within 
subatomic distances. They are equally 
disparate as regards their effective 
strength. Thus if we were to denote 
the strength of the most powerful of 
these four forces strong interaction 
between two particles -by I, then the 
electromagnetic force between the 
same particles has a strength of about 
10“* and the weak force of 10'•^ 
The gravitational force is the weak¬ 
est, It is only 10 *^” 

The widely disparate properties 
of the four forces has not deterred 
theorists from seeking a common 
basis for them all. Einstein^ for exam¬ 
ple, devoted much of the last pari 
of bis life to the search for a unified 
field theory of gravitation and elec¬ 
tromagnetism, Other physicists fol¬ 
lowed him, but the results of their 
work were never convincing. During 
the past few decades greater under- 
<^tanaiag of weak interaction has 
opened up other choices not availa¬ 
ble to earlier physicists, Om could 
noi even begin to unify clectromag- 
neric and weak interaction unless 
one understood the latter at least as 
'^ell as the former. This fuller under- 
‘>tanding of the weak interaction was 
Mow acoming. Ever since its discovery 
^'ound the turn of the century, its 
i«is!ory is a series of mystery stories, 
Jti each story a mystery appears at 
only in a vague form only to 
in the next Clues to the solu¬ 


tion are present but are overlooked 
or discarded usually for the wrong 
reason! Finally, the hero comes up 
with the right explanation until the 
next corpse is unearthed. It is there¬ 
fore no wonder that during the past 
eighty years since the discovery of 
the first “corpse*’, several Sherlock 
Holmes have appeared. Salam is the 
Iasi of the half-dozen in this illus¬ 
trious line 

The saga of weak interaction be¬ 
gan with the discovery of the first 
whodunit in 1896 by the French phy¬ 
sicist, A H. Becquerel, when he 
found that unopened boxes of 
photographic plates kept in his 
drawer were getting badly fogged as 
if exposed to light. He investigated 
the situation and was able to trace 
the culprit. It was the radioactive 
emanation from a piece of uranium 
mineral that he had kept in the same 
drawer. T he radiative emission from 
the mineral had penetrated, very 
much as X-rays do, the thick black 
covering in which the plates were 
wrapped and thus obscured them. 
But the origin of the offending ra¬ 
diation, and, indeed the whole phe¬ 
nomenon of radioactivity itself, on 
which Becquerel had accidentally 
stumbled, remained a great puzzle 
for a long time. The mystery basi¬ 
cally was the casualty of a sacred 
tenet of modern physics. For, oddly 
enough, natural radioactivity seemed 
to violate the well-known law of 
conservation of energy. 


The puzzle was not resolved till 
1930 when Wolfgang Pauli suggestd 
that radioactive elements like radium 
and thorium decay not only by emit¬ 
ting electrons or beta particles that 
are easily observed but also a new 
kind of elementary particle now cal¬ 
led antineutrino thit eluded obser¬ 
vation. It was invoked to save the 
Jaw of energy conservation. For, as 
will be seen more clearly in the sequeb 
in a typical radioactive process, a 
neutron in the atomic nucleus spon¬ 
taneously breaks down into a proton 
and an electron. Since the sum of the 
kinetic energies carried off by the 
splinter electron that flies off and the 
proton that stays put in the daughter 
nucleus is always less—never more— 
than that of the parental neutron be¬ 
fore its decay, both the alternatives 
physicists faced seemed at first sight 
to be grim. They had either to accept 
the breakdown of the sacrosanct 
law of energy conservation or they 
had to postulate the existence of a 
new particle that somehow always 
escaped observation for reasons 
which were not understood till two 
decades later. Such a part cle emitted 
along with the proton and the elec¬ 
tron in the disintegration of the ncu- 
Uon could save the conservation law 
of physics by Carrying off the missing 
energy. Pauli ventured to adopt 
the second alternative even though 
the introduction of a new elementary 
particle was not the casual affair it 
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mail) clcmcniary particles in the 
“nuclear ioo'\ proposing a new par¬ 
ticle scarcely raises eyebrows. But, 
in 1930, it was a very daring step 
indeed. Only two particles were then 
known the electron and the proton. 
Destroying the simplicity of the sub¬ 
atomic world by adding a third was 
considered to be sheer heresy. No 
wonder very few physicists took the 
idea seriously. Some eminent physi¬ 
cists like Bohr were even prepared to 
accept the breakdown of the law of 
conservation in radioactive decay 
rather than admit the existence of a 
new unobservable particle. Only the 
celebrated Enrico Fermi, the archi¬ 
tect of the atomic bomb, took up 
Pauli’s suggestion and managed to 
resolve the puzzles bedevilling radio¬ 
activity at one blow. 

Fermi began with the well-known 
fact that atoms consist of nuclei 
surrounded by electrons and nuclei 
consist of proton and neutrons 
(Fig, 1) When the number of neu- 
trons in the atomic nucleus happens 
to be one too many for its stabilit) 
the excess neutron turns spontane¬ 
ously into a proton with the emission 
of a beta particle or electron as well 
as Pauli’s hypothetical particle, 
antineutrino, as shown in Fig. 2(b 
This transition of the nuclear neutron 
into proton in the nucleus of a radio 
active atom with the emission of an 


of light when excited atoms make 
quantum jumps to states of lower 
energy. The emitted photons of light 
are created during the radiative 
transitions simply because there arc 
no pre-formed photons in the atom 
waiting to be emitted any more than 
there are electrons in the atomic 
nucleus. Since the quantum theory 
of radiative emission, or, electromag¬ 
netism, was well understood in 1933, 
Fermi patterned his theory of beta 
decay on this model (Fig. 2). 
His theory was incredibly successful 
in explaining almost all observed 
aspects of beta decay for nearly 
twentyfivc years when it was badly 
shaken by the so-called parity crisis 
in 1956. 


In the parity crisis some of the 
symmetries of space and time 
hitherto assumed to underlie the fun¬ 
damental laws of nature did not seem 
to hold perfectly on the subatomic 
scale. The first to breakdown was 
what may be called space symmetry 
(P), the symmetry involved in the 
law of conservation of ‘parity*. This 
is merely to say that if a physical 
process occurs, its ‘image* in a mirror 
ib also a possible analogue. This may 
seem odd as the mirror “image” 
IS only an optical illusion of the real. 
But the point is not that the image is 
real or virtual, but that the image can 
in principle be made real. Conse¬ 
quently the parity principle is only 
an embodiment of the reflection 
symmetry of nature. It merely asserts 
that the world of the looking-glass is 
a possible world even though like 
the left-hander it may look odd. Thus 
a looking-glass book may seem 
written in an odd kind of language; 
but it is a possible language that 
could be read. It is the same for all 
artifacts like clocks and gloves. There 
can be no real bar to the existence of 
mirror images of objecls so that if a 
left-handed glove exists so can its 
mirror image, the right-handed 
one. 
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electron necessarily involves the 
creation of an electron because there 
arc no electrons in the nucleus. The. 
pTiMress is analogcnis to the radiation 




i Ipwcvcr, the breakdown of parity 
I hat occurred in 1956 showed that 
*hcre arc certain rare processes whose 
>inirror images arc not realisable in 
VuT world. A case in point is beta 
liccay of radioactive atoms we have 
>een considering. There is observed 
n asymmetry in the electrons emitted 
n radioactive decays. It arises from 
he fact that in such decays the emer¬ 
ging electrons behave (speaking ana- 
ogicallyj like spinning bullets shot 
mt of a rifle rather than cannon 
oalls fired without spin from a can¬ 
non. A non-spinning cannon ball 
shot out of a cannon looks essentially 
the same in a reflected system. But 
a rifle bullet, spinning in a definite 
sense, say, right-handed about its 
line of flight, will appear left-handed 
in a mirror an essentially distin¬ 
guishable situation (Fig. 3). In a 
precisely analogous fashion in cer¬ 
tain radioactive processes the neutron 
whose decay results in the emission 
of an electron behaves like a rifle, 
not a cannon. 

It happens that whenever a beta 
particle that has spin gets sent out as 
a result of such radioactive decay, 
It lends to spin in a iefl-handcd way 
about Its direction of flight. It is 
this spin that causes the asymmetry 
referred to above. 

One consequence of the failure 
of parity in beta decay was the pro¬ 
liferation of the possible number of 
beta decay interactions because they 
could now be not only parity-con¬ 
serving but also parity-violating. It 
was at this stage that the problem of 
beta decay was taken up by E.C.G. 
Sudarshan in the summer of 1956 at 
the instance of his mentor, Professor 
P. E. Marshak. 

Sudarshan had to decide the basic 
mathematical form for the descrip¬ 
tion of beta decay interaction. Here 
he faced a virtual embarras de choix. 
i'or there arc many mathematical 
forms devised by mathematicians to 
specify precisely the physical entities 

encounter in mapping the uni- 
''erse around us. The commonest is 


the real number system we all use to 
measure physical quantities like mass, 
time, length, volume, density, energy. 
Such a quantity which is fully des¬ 
cribed by a single real number is 
called scalar because the number in 
question can be represented by a 
point on a scale. 

Bui there are other more com¬ 
plex physical entities which cannot 
be specified by a single number or 
a point on a scale. Velocity, for 
example, requires for its complete 
specification not only a magnitude 
but also a direction that is commonly 
represented by an arrowed line seg¬ 
ment. Such an entity is called a vec¬ 
tor. There arc yet others which like 
the spin of a rotating top require 
for their specification, in addition to 
the magnitude of spin and direction 
of the spin axis, the mode of their 
spin. 

Spin therefore belongs to another 
category of vector known as axial 
vector. Next in complexity is an entity 
like stress or strain in a supporting 
beam or column. Its full specification 
requires a generalisation called ten¬ 
sor. Tensors are like vectors in that 
they arc geometrical objects embed- 
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ded in space. But they arc denoted 
not by a single magnitude with an 
associated direction but by a cons- 
stellation of numbers (or compo¬ 
nents) that transform linearly under 
transformations of the coordinates. 
They, however, remain unchanged 
when one applies a complete revo¬ 
lution about an axis. Finally, there is 
yet another form called pseudoscalar 
which also is an ensemble of num¬ 
bers conforming to a set of restric¬ 
tions on which I need not dwell 
here. 

It appeared that beta decay in¬ 
teraction could be any of the afore¬ 
mentioned five possible forms. It 
could be scalar (S), vector (V), axial 
vector (A), tensor (T), pseudoscalar 
(P) or some simple combination of 
any two like V—A, V^-A, S—T, 
S-{-T. The empirical evidence avail¬ 
able at the time was conflicting. 
Some observations favoured forms 
like A or T while others suggested 
V—A or S—T. Sudarshan chose the 
right form, the celebrated (V—A) 
interaction form, fyr reasons of sym¬ 
metry physicists sometime invoke 
when in doubt. For, symmetry prin¬ 
ciple is often a physicist^s heuristic 
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guide to discovery of laws of nature. 
It reveals them by showing the un¬ 
changing core or reality beneath the 
changing facade of appearances. It 
does so by a subtle icfinement of 
our everyday notion of symmetry 
that enables us to decide whether or 
not any given object is symmetrical. 
Thus an object like a spherical ball 
is called symmetrical because it looks 
the same after it is turned around 
through any arbitrary angle. More 
generally, a thing is symmetrical if 



The circle after rotating any diameter 
ABC through the same angle about an axis 
through C perpendicular to the plane of the circle 

Global symmetry transformation 
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The same circle reconstructed by shuffling 
the infinitessimal bits independently 
but keeping their distance from the 
center C the seme. 

Local symmetry transformation 
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there IS something you can do to it 
so that after you have finished doing 
it, tl looks the same as before. In 
other words, the essence of symmetry 
IS invariance or immutability of 
some aspect or feature of the thing. 
Sudarshan ventured to postulate a 
new principle of invariance to ra¬ 
tionalise his choice of the mathema- 
lica! form to describe weak interac¬ 
tion It is called chirality invariance. 
The word “chirality** (pronounced 
kirality) was coined by Lord Kelvin 


m 18ii4 and is derived from vhnr\ 
the Greek word for hand, which is 
indeed the most familiar chiral ob¬ 
ject. An object or a configuration of 
numbers is chiral if it cannot be 
brought into congruence with its 
mirror-image by translation and rota¬ 
tion. But if it can be so brought 
into congruence, it is called achiral. 
Familiar planar objects in the twi>- 
dimeiisional space of a printed page 
are capital block letters. Some of 
them such as A, B, C are two-dimen~ 
sionally achiral. But others, for 
example, F, G, J are chiral since they 
cannot be brought in a plane into 
congruence with their mirror images 
(Fig. 4). The bold conjecture Sudar¬ 
shan made was that the interaction 
forms of beta decay remain the same 
under any chiral transformation 
They behave like the letters F, G, J 
rather than A, B , C. The ren\arkable 
consequence of this assumption is 
that the weak interaction form is 
now uniquely determined to be V—A 
ft effectively rules out an) combma 
non of the remaining three forms S, 
T, and P. 

The Sudarshan-Marshak theon 
o\ weak inteiacluin w'as further re 
fined by .Salarn Salam began hiN 
refinement by recalling that particle 
exchange ean lead lo atUaciive 01 
repulsive forces The idea may be 
illustrated by ciude analogy shovsn 
in Fig. 5 Each child in the figure hiis 
a pillow. When the children exchange 
pillows by snatching them from each 
other’s grasp, the effect is like thin 
of a mutually attractive force On 
the other hand, the children may alsi' 
exchange pillows by throwing them 
at each other. Here conservation <>l 
momentum requires that the child¬ 
ren move apart, just as if a repulsive 
force were separating them. Fenm 
used this analogy to interpret the 
electromagnetic force between two 
electrons as mediated by exchange of 
particles (pillows) called photons 
(Fig. 6, Right). A photon, by the way, 
is a mini packet of radiation of zero 
mass. It i& also called a vector boson, io 
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is why the mediating weak vedtor 
boson denoted by the symbol Wi is 
cither positively or negatively charged 
unlike the electrically neutral photon 
often abbreviated as the Greek letter 
Y- 

The charged weak vector bosons 
W± are thus to weak interaction 
what the neutral photon y is to 
electromagnetism, It is this analogy 
between weak vector bosons and 
photons which allows the two for¬ 
ces—electromagnetic and weak— to 
be unified in an all-embracing theory 
including both. Salarn’s unifying 
theory even predicts the mass of these 
particles Wi whose mediation gives 
rise to weak interaction. U is esti¬ 
mated to be around 80-90 times the 
mass of the proton even though their 
electromagnetic counterpart, the 
photon, is massless. Direct observa¬ 
tion of these vector bosons is there¬ 
fore the most crucial and convincing 
test of Salam-Weinberg theory. Un¬ 
fortunately such particles cannot as 
yet be observed directly. They require 
for their observation particle acce¬ 
lerators much more powerful than 
any we have now. Their discovery 
must therefore await ten to twelve 
years required to construct and com¬ 
mission the accelerators of requisite 
power. Meanwhile experiments plan¬ 
ned at CERN, the European coun¬ 
tries centre for subnuclear physics, 
for 1982 are expected to provide some 
more overt evidence of theii exis¬ 
tence than any we have now. 

Although the most crucial and 
stringent test of Salam’s theory, the 
discovery of weak vector bosons, is 
yet to come, his theory did predict 
the existence of “neutral currents” 
five years before their actual obser¬ 
vation in 1973. The term neutral 
current is a somewhat confusing epi- 


^xactly the same way the weak nu¬ 
clear force is mediated by an ana¬ 
logue of the photon called the weak 
Vector boson (pig. 6. Lift). But unlike 
ll'.e photon the vector bdson must 


place in radioactivity and charge is 
known to be absolutely conserved. 
Thus when the electrically neutral 
neutron in the nucleus of a radio- 
ative atom changes into a posi- 


thet for weak interactions not invol- 
yihg the exchange of electric charge. 
For example, the familiar weak ra¬ 
dioactive decay of atomic nucleus 
involves , neutrons changing into 


a unit positive or negative charge tively charged proton, there is a protons (or vice versa) the excess 

a transfer of Charge takes transfer of one unit of charge. This charge being taken up by the creation 




ot an electron and an antineutrino 
(or their anti[^rticlcs). This is 
supposed to occur by the emission 
and rcabsorption (or exchange) of a 
charged vector boson or W" 
between the nuclear and electron 
systems. Neutral Current interactions, 
on the other hand, involve exchange 
of a neutral weak vector boson Z® 
and so change protons into protons, 
electrons into electrons, and so on. 
Salam was led to postulate the exis¬ 
tence of this neutral weak vector 
boson Z® besides their charged 
counterparts by symmetry con¬ 
siderations For if weak and electro¬ 
magnetic processes are basically 
alike, one must treat the photon (y) 
and weak vector bosons Wi^ as 
members of one family. Salam, 
however, showed that this is not 
possible unless there exists a fourth 
neutral vector boson Z® to make 
the quartet- The detection of neutral 
current interactions mediated by the 
exchange of Z® has proved extremely 
dilficult because the weak force, 
being extremely weak, the effects of 
these neutral exchanges are comple¬ 
tely masked by the analogous ex¬ 
change of photons giving rise to elec¬ 
tromagnetic force between charged 
particles such as an electron and pro¬ 
ton. The first observation of neutral 
current was made in experiments with 
neutrinos (where electromagnetic 
effects arc absent) at CERN; others 
followed cumulatively making an 
impressive body of evidence not only 
for the existence of neutral currents, 
but for the exact form of it predicted 
by Salam in his unified theory of 
1968. More recently a brilliant ex¬ 
periment with polaiised electrons at 
the Stanford Linear Accelerator 
"Centre in California measured the 
interference between the electromag¬ 
netic and neutral weak interactions. 
Ihe measurement is in complete 
accord with the prediction of Salam- 
Weinberg theory. 

Salam believes that hb theory is 
only a prelude to a grander pio- 
gramme of unification by recourse to 


the so-called “gauge"* principle. It 
is a principle first essayed by the 
celebrated mathematician, Herman 
Weyl, in a daring though unsuccess¬ 
ful bid to unify gravity and electro¬ 
magnetism sixty years ago. Even 
though Weyl’s attempt did not suc¬ 
ceed, the principle underlying it 
remains valid. For it is based on sym¬ 
metry considerations which have 
often guided physicists in formulating 
new physical laws. As noted already, 
symmetry is merely invariance or 
immutability of a thing after you 
have finished doing something to it. 
Now this "‘doing something to’* or 
operation on the thing is one of two 
kinds. It may be a one-shot global 
operation or a piecemeal local one. 
A case in point of a global one-shot 
symmetry operation is the transfor¬ 
mation of a circle by turning any of 
its diameters such as ABC through 
the same angle about an axis through 
its centre perpendicular to the circle 
as shown in Fig. 7 {Top). But if, on the 
other hand, each point on the cir¬ 
cumference is moved piecemeal and 
independently by breaking the cir¬ 
cumference into an infinite number 
of infinitesimal bits labelled Ai, A,, 
As . A„ and then 

pushing or pulling the bits to new 
positions on the circumference while 
keeping their distance from the cen¬ 
tre fixed, the circumference still re¬ 
tains its original form so that the pro¬ 
cedure is again a symmetry operation as 
before (Fig. 7, Bottom), But it is now an 
instance of a piecemeal or local sym¬ 
metry. A powerful general feature of 
the relation between global and local 
symmetries is the so-called “gauge” 
principle. It states that if a set of 
physical laws is invariant under a 
group ol some global symmetry 
operation, the stronger requirement 
of invariance under local symmetry 
operation can be met only by intro¬ 
ducing new fields which could be 
viewed as new forces. A well-known 
though naive instance of gauge traos- 
formation is provided by Maxwells’ 
equatbns of electromagnetic pheno¬ 


mena. It happens that these equations 
written in terms of field intensities or 
potentials are invariant under any 
change of space and time coordinates 
used to locate and date the events 
the equations describe. These coor¬ 
dinate changes which leave the equa¬ 
tions unchanged or invariant are cal¬ 
led Poincar£ transformations. In 
other words. Maxwell’s equations 
exhibit global symmetry under a 
group of Poincar6 transformations. 
But it is also possible to add some 
function of space-time to the poten¬ 
tials without changing the invariance 
(or symmetry) of the equations. This 
new function of space-time has, of 
course, to obey certain well-rl^^fined 
:*estrictions. Its addition is thus equi¬ 
valent to conserving the form, or 
equivalently invariance of the equa¬ 
tions under local transformations. 
Besides, it retains its form also under 
one-shot global transformation we 
have called Poincare transformation. 
The former is the analogue of the 
piecemeal transformation of the cir¬ 
cle into itself of our earlier illustra¬ 
tion of Fig. 9. The upshot is the 
emergence of a certain gauge or a 
kind of background norm against 
which the potentials are measured. 
We could, of course, interpret the 
new fuitcLioa as a field and the con¬ 
ditions which it satisfies as the field 
equations. Thus the choice of a par¬ 
ticular gauge though it leaves the 
electromagnetic theory invariant, 
could be viewed as introduction of a 
new force which for all we know is as 
real as any we have known so far. 

In general, the fields conjured by 
the introduction of local symmetry 
conserving operation are called 
gauge fields. lYiese newly introduced 
fields are equivalent to the exchange 
of virtual particles or quanta like 
vector bosons and photons which 
give rise to oonespondiog force, 
it is by resort to such gauge fields 
that Salam has unified the weak and 
dcctromagnetic forces into one he 

{Contiimed on page 
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Fiberglass, a material already 
being used for supersonic aircraft 
bodies. As for Viggen 37, a Swe¬ 
dish jet 

Fiberglass is well suited for such 
use. It has a very high strength/ 
weight ratio. It withstands high 
temperatures and ternftc pressures 
It is transparent to radar and radio 
frequencies, causing little interfer¬ 
ence with these. It is capable of 
taking a permanent heavy load, and 
is of great tensile strenlh, having a 
high modulus of elasticity over the 
temperature range minus M)^C to 
plus 50*’C. It is light. 

Fiberglass has other qualities too 
which qualify it for many more 
defence uses. It is corrosion resi¬ 


stant, heat resistant, impact resi¬ 
stant, weather resistant It is 
smooth, easy to clean, easy to main¬ 
tain. It is' durable. And. for the 
value It gives, inexpensive 

A few among the fiberglass de¬ 
fence applications arc Battery 
Cases and Covers. Bulletproof Hel¬ 
mets. Minesweep^s. Naval Crafts. 
Submarines. Air Transit and 
Ammunition Boxes. Rifle Butts 
High Altitude Huts. Tents. 

Fiberglaik. A new dimension to 
the Defence Industry. A super- 
defence material. A material which 
will outcompete steel, iron, alumi’ 
nium. 

Fiberglass Products in the De¬ 


fence Industry. A prohiabk invest¬ 
ment for users. And for the manu¬ 
facturers too, because of their high 
sales potential, easy manufacturing 
techniques, cost economies during 
Manufacture. 

Twiga, makers of Hberglam, bring to 
thehr work high serionsocm. Tkey 
hare established a consultancy acr« 
rice and application derelopmefit 
divisioB for use by their custo¬ 
mers. The Twigs Fiberglass Applica 
don Consultancy Service offers 
services ranging throngb product 
idendficntion to market location.Pro- 
Ject Concepdon. Licensing, Loans, 
Process Selecdoo. Project Economics 
Start-Up and Commiasioning. 
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TTNTIL about 1932, only four 
^ particles^ namely, the proton (p), 
the neutron (n), the electron (e) and 
the neutrino (v) were regarded as the 
ultimate constituents of matter. Of 
these four particles, two, the proton 
and electron, are electrically charged. 
The other two are electrically neutral. 
The neutron artd proton form ato¬ 
mic nuclei, the electron and nucleus 
form atoms while the neutrino comes 
out in radioactivity, i.e., the neutron 
decays into a proton, an electron and 
a neutrino. Each of these particles, 
called a fermion, spins and exists in 
two spin (or polarization) states 
called left-handed and right-handed 
spin states. These four particles ex¬ 
perience four types of forces ; 

(1) The gravitational force 

This is a force of attraction bet¬ 
ween any two particles and is pro¬ 
portional to their masses. It controls 
the motion of planets and galaxies 
and also governs the law of falling 
bodies. It determines the overall 
character of our universe. 

(2) The electromagnetic force 

It acts between any two charged 
particles, e.g., negatively charged elec¬ 
tron and positively charged proton 
attract each other with a force which 
is proportional to their electric char¬ 
ges. It is responsible for the binding 
of atoms and mainly governs all 
known phenomena of life on earth. 
This fgree also manifests itself throu¬ 
gh electromagnetic radiation in the 
form of light, radio waves and X-rays. 
In other words, electromagnetic ra¬ 
diation is a carrier of electromagnetic 
force. 

(3) The weak nuclear force 

It is responsible for radioactivity 
and is principally responsible for the 
existence of heavy elements on earth 
and other parts-of the universe. 


RIAZUDDIN 


It is a physicist’s dream to 
unify all the four seemingly 
dififerent forces of nature. 
Abdus Salam and, indepen¬ 
dently, Steven Weinberg 
have succeeded in unifying 
the weak and electro¬ 
magnetic forces 

( 4 ) The stroitg nuclear force 

This is responsible for holding the 
nucleus of an atom together. 


Compared to the electromagnetic 
force, the weak nuclear forcse is wea¬ 
ker by a factor of one thousand, 
while the strong nuclear force is 
stronger by a factor of one hundred 
when these forces manifest themselves 
at the presently available energies. 
The gravitational force is the weakest 
of all—10*’ times weaker than the 
electromagnetic force. While the 
electromagnetic and gravitational 
forces are long range, the strong nu¬ 
clear force is short range (it is effec¬ 
tive when the neutron and proton 
are closer than 10~^*cm); the weak 
nuclear force has a still shorter range 
(it is effective only when the particles 
undergoing this force arc closer to 
each other than 10“'® cm). In con¬ 
trast to the strong nuclear and elec¬ 
tromagnetic forces, the weak nuclear 
force can distinguish between left 
and right, i.e., it does not conserve 
parity. 

We now know that the electron 
and neutrino are just two members 
of a family called leptons of which 
six are presently known to exist. 
Similarly, the neutron and proton 
are members of a much larger family 
called hadrons. Hadrons exist in 
two classes, baryons and mesons; 
the former carry half integral spin 
and a quantum number called baryon 
number while the latter carry zero or 
integral spin and no baryon number. 
The mass spectrum and production 
and decay characteristics of hadrons 
can be understood in a much simpler 
picture if one assumes that baryons 
are made of three constituents called 
quarks while mesons are made of 
quark and anti-quark pair. The 
quarks have spin one half (i.e. 
they exist in two spin states) and 
carry different flavours to distinguish 
them from each other. At present, 
five flavours, called up, down, strong, 
charm and bottom, arc known to 
exist and the sixth one, called top, 
is strongly expected to bz discovered. 
Quarks play the same role in hadron 
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spectroscopy as the neutron and proton 
in nuclear spectroscopy and the electron 
and nucleus in atomic spectroscopy. 
To sum up, according to the present 
view, the quarks and leptons form 
the fundamental constituents of 
matter and they undergo the same 
four forces mentioned above, except 
that leptons do not experience strong 
nuclear force. These, according to 
the present view, are known as basic 
fermions, the ultimate constituents 
of matter. 

Physicists would like to compre¬ 
hend all natural phenomena in a 
unified way. It is a physicist’s dream 
to unify ail the four seemingly different 
forces of nature. Einstein tried hard 
to unify gravity with electricity, but 
failed. However, Abdus Salam, and 
independently, Steven Weinberg, have 
succeeded in a different kind of uni¬ 
fication, namely, the unification of 
the weak and electromagnetic forces 
which we shall now describe. 

As mentioned above, the electro¬ 
magnetic force is mediated by electro¬ 
magnetic radiation, the quanta of 
which are called photons. A photon 
is electrically neutral and is a spin 
one particle (called vector boson). 
Just as a photon mediates the electro¬ 
magnetic force (or interaction), simi¬ 
larly, the weak nuclear force is medi¬ 
ated by weak vector bosons. Un¬ 
like the photon, weak vector bosons 
must carry a unit of positive or nega¬ 
tive charge. This is because a trans¬ 
fer of charge takes place in radio¬ 
activity, for example, in /5-radio¬ 
activity, the electrically neutral neu¬ 
tron changes into a positively charged 
proton, involving a transfer of one 
unit of charge. The photon is denoted 
by Tt while the positively and nega¬ 
tively charged weak vector bosons 
are denoted by Wl'. Now, as is 
known, the electromagnetic 
force has associated with it the 
<iiectric current. This current 

coupled to the photon with the 
^tyength of electric charge e. Similarly, 
the weak nuclear force has associated 
•vah it two charged weak currents 


coupled with the vector bosons W-. 
Now, if there is to exist a basic 
unity between the electromagnetic and 
weak nuclear force, then one must 
treat vector bosons y > Wt as mem¬ 
bers of one family coupled, respect¬ 
ively, to ebxtric and weak currents 
with equal basic strengths. It turns 
out, as was first noted by Salam and 
Weinberg, that one cannot do so 
unless there exists a fourth vector 
boson, which is electrically neutral 
and which is coupled to a new type of 
weak current called the neutral w'eak 
current. The fourth vector boson 
is denoted by Z°. Then vector bosons 
T, Z° belong to one family 
and they are coupled to their res- 
pecrive currents with the coupling 

strengths e. 

where 0^ is a parameter of the theory. 
In other words, apart from the basic 
coupling strength, namely, the well 
known electric charge c, the theory 
contains only one parameter, namely, 
0^. The vector bosons Z®, W-t must 
be massive since weak interaction 
is of short range, whereas the photon 
Y is massless and the theory itself 
provides a mechanism for the gener¬ 
ation of these masses. Thus the 
Salam Weinberg theory predicted : 

(a) That a new type of neutral 
weak interaction must exist. The 
existence of this interaction is neces¬ 
sary if there exists a basic unity bet¬ 
ween weak and electromagnetic forces 
in the sense that these two arc forces 
two aspects of the same basic force. 

(b) The theory has only one 
parameter, usually denoted by sin*0,^ 
and all neutral weak interaction 
phenomena is describeable in terms 
of this param«^ter; and, 

(c) The vector bosons Z% W^ 
should exist with well defined masses. 

The year 1978 has seen a remark¬ 
able set of experiments confirming 
the Salam-Wcinberg theory. Since 
neutrinos have only weak interaction, 
the simplest of experiments which 
detected the neutral weak interaction 
involves the scattering of neutrinos 


on nuclei. These experiments have 
been reported by many groups at 
high energy physics laboratories 
in Europe, USA and USSR. All 
the predictions referred to in (a) and 
(b) above have been borne out by 
experiments. A neutral weak in¬ 
teraction has been discovered with 
the precise structure predicted by the 
Salam-Wcinberg theory. 

The Salam-Wcinberg model 
received a convincing support in the 
experiments involving scattering of 
polarized electrons (when their 
spin is aligned in the direction of 
their motion or in the opposite way) 
on nuclei. Since according to this 
model, the weak and electromagnetic 
interactions are different manifes¬ 
tations of the same basic force and 
since weak interactions can distin¬ 
guish between left and right, or do 
not conserve parity, this should imply 
that when charged particles interact 
through electromagnetic force, they 
should also be able to distinguish 
between the left and right or one 
should see minute parity violating 
effects. These effects should be parti¬ 
cularly observable in those pheno¬ 
mena where the main parity con¬ 
serving electromagnetic effect cancels 
out, e.g. in the difference of scatt.:ring 
cross-sections of right and left pola¬ 
rized electrons on unpolarized pro¬ 
tons. Here the theory predicted a 
violation of parity of definite mag¬ 
nitude. The experiments done at 
SLAC in the USA with high energy 
polarized electrons on hydrogen and 
deuterium targets have detected the 
parity violation and that the left 
polarized electrons are scattered more 
than the right polarized ones as pre¬ 
dicted by the theory. The resuiting 
asymmetry is in accord with the 
Salam-Weinberg thcor>^ with sin* 9^ 
0.2 ±0.03 which is in complete 
agreement with its value from neu¬ 
trino data. 

The above value of sin* 0,, gives 
the masses of three vector bosons 
Wt, Z® to be about 80—90 times 
(^Continued on page 169) 



fJI^KAT maJccs some plants grow 
” better than others in a given 
place? Why do plants flower 
only in a specific season ? How 
do climatic fluctuations affect plant 
growth? When do plants experience 
stress? Which season is most 
suited for a specific crop in a given 
area and which factor (s) determines 
the distribution of different plants 
in different zones ? These and host 
of other intriguing questions 


distribution of the continents, and 
a basic understanding of various 
facets of environment and different 
climatic zones of the world arc 
essential for understanding the 
nature and distribution of various 
plants, both wild and domesticated. 
Basic knowledge of climatology 
assumes great significance while 
considering the intricate relation¬ 
ships between the climate and 
crops. Besides, a knowledge of the 


several environmental faclo|rs like 
solar radiation, temperature,! hvini- 
dity, rainfall, wind, etc. These factors 
together are considered as "epviron- 
mental variables’, which <an he 
defined as '*any aspect or fluct^uations 
of which influence the plant at some 
stage during its life time”. Each 
variable itself comprises dif'erent 
components. For example, the 
environmental variable ‘solar 
radiation, is made up of components 


COMPLEXITIES IN 
CLIMATE-CROP 
RELATIONSHIPS 

V. RAJAGOPAL 
K. KAILASANATHAN 


India is a place to feel proud of as many well-known 
crops in the world originate here by virtue of the 
distinctly diverse nature of tropical climate 


have been confronting the plant 
scientists throughout the world for 
several decades. The answers to 
them would reveal much of the 
complexities involved in the climate- 
crop relationships. 

A thorough recapitulation of the 
elementary knowledge of geographic 


fundamental aspects of ecology and 
plant physiology is of further help in 
understanding the problem of climate- 
crop relationship in its entirety. 

EAvironmental variables 

Plant growth is controlled by 



Fig 1. Earbead of fowar 


like spectral composition, intensity, 
duration, direction, periodicity etc. 
So also, the variable "temperature’ 
comprises the degree, periodicity 
etc. The frequency, duration, distri¬ 
bution and direction are the com¬ 
ponents of the variable ‘rainfall’ 
These environmental v ariables differ 
in their mangitude frem one plate 
to another depending upon the 
latitude, altitude, and so their effect 
on plant growth varies. 

The importance of the environ¬ 
mental variables and their com¬ 
ponents varies depending upon the 
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objectives of the study. For instance, 
if one is interested to study the 
effect of radiation on the distribu¬ 
tion of vegetation on a geograph¬ 
ical scale, then the data on the mean 
annual radiation at different loca¬ 
tions would be sufficient. On the other 
hand, for studying the influence of 
radiation on the growth and develop¬ 
ment of any crop throughout its life 
cycle, it is necessary to record the 
light intensities, spectral composi¬ 
tions, duration and direction of the 
sun angle in relation to the crop 
characteristics like leaf orientation 
etc., since each comj>oncnt has its 
own effect on plants. 

SignificaBce of environmeatal variables 

Soiar radiation. The vital factor 
determining the dry matter produc¬ 
tion in plants is soiar radiation. 
Solar energy received at the surface 
of the earth is called ‘insolation’. 
It di.ters from one place to another 
depending upon the latitude. The 
amount of solar energy received is 
fairly uniform throughout the year 
near the equator. A place like Singa¬ 
pore (Lat. 01'^’.21' N) receives solar 
energy to the extent of 400-450 
cal/cmVdny- At latitudes above 50‘"N 
the solar energy input varies con¬ 
siderably from oiie season to another. 
It can be as low as 50 cal/cmVday in 
winter to as high as 450 cal/cm*/day 
on a clear summer day as in Britain. 
The insolation may be as high as 
750 cal/cmVday during long summer 
days in the subtropics of the Medi- 
terranian region (e.g., Beirut, Cape 
Town, etc.). If the sky is overcast then 
the insolation may drop to 200 cal/ 
cmVday as it happens during summer 
rains in semi-arid tropics (e g., Iran, 
Argentina, Zambia, etc.). 

In India, the solar energy received 
during May exceeds 600 cal/cmVday 
in places like Ahmedabad, Bhavna- 
gar, Jodhpur, New Delhi and Pune, 
whereas it is less than 550 cal/cmVday 
in Calcutta, Mangalore, Shillong, 
Trivandrum, Bangalore and Bhuba- 


TaUe 1. DifFereace it the coa^NMieiits of solar radiatiofi at intervals of time 
betareea a bright day and a cloudy day at New Delhi 


Parameters 


Bright day (April) 



Cloudy day (July) 



8.00 

10.00 

12.00 

14.00 

8.00 

10.00 

12.00 

14.00 

Total radiation 
(C61. cm“*. min-*) 

1.14 

1.58 

1.32 

1.29 

0.53 

0.86 

0.80 

0.67 

PAR 

(Cal. cm-* • min-') 

1.08 

0.89 

0.76 

0.72 

0.32 

0.59 

0.55 

0.52 

Light intensity 
(Foot candles) 

8361 

9352 

9836 

8640 

4134 

6808 

8194 

5249 


Table 2 . Anniial rainfall pattern in different regions of the world and their 
characteristic features 


Range of annual rainfall (in Regions Characteristic features 

millimetres) 


(j 4) Humid tropics 

(i) Above 2000 

(ii) —Do— 

(B) Wet and dry tropics 

(iii) Between 1500 and 
2000 

(iv) 1000 to 2000 

(v) Between 500 and 
1500 

(vi) —Do— 

(vii) Between 2.50 and 
650 

(C) Dry regions 
(viii) Less than 300 


T riconamal le, Geoi ge 

Town, Diego Garcia, 
Kuala Lumpur. 

Central America, Chile, 
Northern Brazil 

Burma, North Vietnam, 
Cambodia. 

Ethiopia, Southern Sri 
Lanka, North Malaysia. 
Thailand. Tanzania, 
Venezuela 

China, Kenya, Southern 
Brazil, Southwest and 
Southeast Australia, Zam¬ 
bia. 

Mexico, Northern Argen¬ 
tina, Rhodesia, Turkey, 
Iran, Afghanisthan. 

Southwest Africa (Nami¬ 
bia), Sudan, Egypt, Saudi 
Arabia, Southern Argen¬ 
tina, Peru. Western Aus¬ 
tralia. 


No dry season. Aveiagc 
monthly rainfall 100 mm. 

Definite dry period for 
few months. 

One season with exception¬ 
ally heavy rainfall and a 
long dry season. 

Short dry season. 

A pronounced dry season 
in between two short rainy 
seasons. 

A long ruiny season and a 
long dry season. 


One short rainy season and 
a long dry season. 


Little rainfall only for few 
weeks. 


neshwar. The insolation during the Bangalore and Hyderabad. It is 
rainy months of July-Septtmber is less than 300 cai/cn.VflBV in Manga¬ 
less than 400 cal/cm*/day in places lore. In Jodhpur and New Delhi the 
like Bhavnagar; Calcutta, Goa, winter months, December-January, 
Nagpur, Pune, Shillong, Vizag., register solar radiation le.ss than 350 


march 1980 
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Fig. 2. Low photosynthesis phints : wheat {Triticum aestivum) (Top Left); gram (Cicer aHetinum) (Top Right); cowpea iVigna 
unguieulata) {Bottom Left); High photosynthesis plant : maize {Zea mays) {Bottom Right) 


cal/cmVday. While in most parts of 
the country the variations are in the 
range of 300 and 550 cal/cmVday, in 
places like Srinagar it varies from 
170 cal/cmVday during December- 
January to as high as 643 cal/cmVday 
in May. Table 1 gives data on diffe¬ 
rent parameters collected at New 
Delhi. It is clear that solar radiation 
components differ not only in differ¬ 
ent seasons but also during different 
time intervals of the same day in a 
season. The amount of clouds as 
well as their movement influence the 
accuracy of measurement of these 
parameter’s. 

Another equally important con¬ 
sideration is the ‘total sunshine hours’ 
which also vary depending upon 
the latitude. On a global scale, Amman 


(Jordan) has the highest annual total 
sunshine hours (3590), followed by 
Cairo (3504), Jerusalem (3474) and 
Baghdad (3244). It can be as low as 
1782 hours (Copenhagen) and 1465 
hours (Warsaw). In India, Jodhpur 
has the higliest sunshine hours 
(3274), followed by Ahmedabad 
(3144) and Allahabad (3128), whereas 
New Delhi, Hyderabad and Nagpur 
receive sunshine in the range of 
2800-2900 hours; Bombay, Pune 
and Madras 2700-2800 hours and 
Bangalore 2400 hours. 

Interestingly, the maximum sun¬ 
shine hours at different places occur 
in different months : in June at 
Jerusalem (412), Washington (294) 
and San Francisco^(323); in July at 
Amman (407), Cairo (360), Madrid 


(383), Ankara (384) and Kabul 
(352) or sometimes even in August 
as at Baghdad (354). There are also 
places where maximum sunshine 
occurs in December-January like 
Perth (324), Sydney (233), Buenos 
Aires (293) and Addis Ababa (275). 

In India, sunshine hours are 
maximum in March at Calcutta 
(264), Madras (304) and Bangalore 
(282); in May at Jodhpur (326); 
Allahabad (294) and Ahmedabad 
(338); or even in October as at New 
Delhi (288) or in January as at Hydera¬ 
bad (307). However, from the crop 
productivity point of view it is the 
total sunshine hours during the 
actual crop growth period like 
‘kharir (June-October) and •rabi’ 
(November-March) that is most 
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Tabic 3 . The rainfall pattern in India 


JHanfpe of annual rainfall {in 

Regions 

Characteristic featurr ' 

millimetre) 



(i) Above 2000 

Bombay, Ooa, Cochin 

Assured rainfall areas. 


Mangalore 

Covers 28% of the total 



area. 

(ii) Between 1250 and 

Nagpur, Beigaum, Cut- 

- Do- 

2000 

tack. Calcutta. Gauhati. 


(iii) Between 730 and 

Hyderabad. Agra. Ah- 

Covers 42% of the total 

1250 

medabad, Akola. Allaha¬ 
bad. Indore, Madras. 

area. 

(tv) B^een 250 and 

Bikaner. Jodhpur. Bellary. 

Covers 30% of the area. 

750 

Anantapur, New Delhi, 
Sholapur. 


Table 4 . Seasonal changes in radiation and the conversion efficiency of crops 

at New Delhi 



Parameters 

Kharif 

Rabi 

Total radiation 

55.4 

600 

(K. Cal. 
i*AR 

{K. cal. cm““) 

.^5.1 

31.6 


Maize Pigeonpea 

Wheat Chickpea 

Biological yield 
(Dry matter. Ions. ha“*) 

19.1 10.2 

20.1 9.2 


Courtesy : Prof. S. K. Sinha and Sn K. Kaila&anathan, Water Technology Centre, 
New Delhi 110012. 


important rather than the annual 
total. The relationship between sun¬ 
shine hours and the yield of rice 
varieties has been reported earlier 
(S.R., April 1979, p. 256). 

The length of the day (from sun¬ 
rise to sunset) also changes from one 
place to another depending upon 
the latitude and season of the year. 
At the equator the day length is 
nearly constant (12 hours) throughout 
the year, whereas at high latitudes it 
varies considerably with the season. 
For instance, near the poles the day 
length could be almost 22 to 24 
hours during mid-summer (midnight 
»un in Norway) while during mid¬ 
winter it is almost near 0 hour 
(‘dark’ day time in Norway"^. 

Temperature. Like solar radiation, 
lemperature also varies depending 
•^pon the latitude and altitude. The 


variation in temperature follows the 
variation in the incident solar energy. 
With increase in altitude the tem¬ 
perature decreases. For example, at 
Darjeeling (altitude 2127 meters) the 
mean annual temperature is 13.3^C 
whereas at New Delhi (216 meters) 
it is 25 J°C. There is little variation 
in temperature between seasons 
(summer and winter) and between 
day and night in the equatorial belt. 
For example, a daily maximum of 
25®C to27®C occurs at Kuala Lumpur, 
Manila, Jakarta and Georgetown; 28°C 
to 30®Cat Rangoon and Trincomalce 
or 35®C in Khartoum. But, to the 
north and south of the equator both 
seasonal and daily fluctuations in 
temperature are large. In January the 
mean temperature is between 7®C and 
10®C and during July between 24®C to 
35"C [Rome (8T/25T), Baghdad 


',10 C'/35T;), Amman (8.2X725,2'O, 
Peshunar (J0.7°C / 32.6X:) and 
Damascus (7.rC/27.2X)]. In India 
we find large differences in 
temperature between January (lOX 
to 15X) and July (30X to 38X) 
as at New Delhi (14.3X/31.2X), 
Ludhiana (13.0°C/31.3®C), Bikaner 
(13.6T/33.3X), etc. In places like 
Bombay (24°C/29X\ Bclgaum(22X/ 
27°C), Mangalore (26X/29‘’Q and 
Bangalore (20°C/27°C) the tempera¬ 
ture differences between seasons are 
less than IC'C. 

Rainfall. Rainfall is another im¬ 
portant factor that determines the 
overall crop growth and yield. Diffe¬ 
rent regions in the world can be 
grouped on a broader scale taking 
into accountnot only the total amount 
of annual rainfall but also the inter¬ 
mittent dry periods, though it is 
difficult to place any region strictly 
in a particular division because of 
the variations in rainfall pattern. 
The same region or country shows 
more than one pattern (Table 2 ). 

In India four levels of rainfall can 
be recognised (Table 3), 74% of the 
rainfall is through South-West mon¬ 
soon (June-October), while only 
16% is received through North-East 
monsoon (October-January). In 
addition, 10 % of the rainfall is recei¬ 
ved during pre- and post-monsoon 
Reasons. 

Physiological significaiiGC of the 
climatic factors 

Solar radiation. All the compo¬ 
nents of solar radiation, namely, spec¬ 
tral composition, intensity, duration, 
direction and periodicity have direct 
effect on various physiological and 
biochemical processes in plants. 
Light regulates many processes like 
seed germination, leaf enlargement, 
pigmentation, flowering, plant move¬ 
ments, etc. These photoregulated 
responses are mediated through diffe¬ 
rent pigment systems. The absoip- 
tion of solar energy by the pigments 
and its conversion into chemical 




Climatic and vegetational zones 


Climatic zones 

^HE word ‘climate’ represents the 
' changes in the environmental 
variables over space and lime. It 
should be noted that the ‘regional 
climate’ of the locality or zone might 
differ from the ‘local climate’ of the 
habitat because the latter is influen¬ 
ced by the plant community growing 
in the vicinity. Based on changes in 
the climate on a global scale live 
distinct zones called “climatic zones” 
can be recognised: 

(0 Tropical zone -lying between 
about 30^N and S of the equator, is 
characterised by rainy season in the 
summer and a dry seas(m in the cool 
months. Greater the distance from 
the equator, longer is the duration 
of the dry season, e.g., Ethiopia, 
Northern Australia, South and 
Southeast Asia, Congo and Central 
America 

(//) Sub-tropical dry zone -lies 
poleward of 30“ N and S. Very low 
rainfall and intense solar radiation 
resulting in high day temperatures 
arc the characteristic features of this 
zone. In winter months temperature 
may drop to ncarO'^C during nights. 
This zone is represented by Lebanon, 
Chile, Southern Africa, etc 

{Hi) Temperate Zf/ie- -There arc 
three distinct sub-zones: (a) warm 
temperate climate (humid temperate) 

energy involves intrinsic biochemical 
processes. Tt is a known fact that the 
amount of radiation absorbed by a 
leaf depends upon the wavelength 
and spectral characteristics. Visible 
light is absorbed most cffectivciy by 
chlorophyll pigments in the blue 
(400 nm-500 nm) uiid red (600 nm- 
700 nm) regions of the spectrum 
(! nm=10"*m). 

Plants show variations in their 
ctTicicncy to lix atmospheric COj 
using the solar energy. All plants do 

.ssassa^S_! 


with wet summer and no winter, e.g., 
Southern Japan, (b) typical temperate 
climate (semiarid temperate) with 
cold but short winter as in Central 
Europe and coastal and north-eas¬ 
tern America, and (c) arid temperate 
with summer and winter showing 
large temperature differences as in 
Southern Europe and Eastern Asia. 

{iv) Boreal zone —is characterised 
by cold, long winter and wet, cool 
summers, e.g.. North America and 
Northern Europe, and 

(v) Arctic zone —in this zone 
summer is short and wet with low 
temperatures, but winter islong, cold 
and dark, e.g., Canada and Siberia. 

In India, wc can find both tropical 
and sub-tropical climates. However, 
within tropical zone humid climate 
occurs along the west coast and the 
eastern parts above Orissa and semi¬ 
arid climate through most of the 
lower central and southern states. 
Sub-tropical zone is restricted to 
upper central and the entire northern 
states with humid climate, whereas 
the western states (Rajasthan and 
parts of Gujarat) with semi-arid 
and arid climate (Fig. 3). 

Vegeta tioflal zones 

^HERE arc characteristic vegeta- 
tional zones coupled with cli¬ 
matic zones. 


not make use of the incident radia¬ 
tion. The leaves of some plants (rice, 
whcait, gram, etc.) are saturated at 
intensities below full sunlight, while 
those of others (sorghum, maize, 
sugarcane, etc.) effectively make use 
of strong light intensities. The former 
are grouped under ‘low photosyn¬ 
thesis’ (Fig.2, Top) and the latter under 
‘high photosynthesis’ (Fig. 2, Bottom) 
plants. Also, only some plants (tomato, 
sunflower, tobacco, soybean, etc.) 
can grow better under full sunlight, 

__ m _ 


(/) Tropical ever‘green rain 
forest zone: South America, Africa 
(Guinea Coast, eastern Malagasy) 
and Asia (Malaysia, Indonesia and 
the Philippines). 

(//) Tropical moist and dry deci¬ 
duous* forests : Greater part of Africii^ 
and large parts of Australia. 

{Hi) Sub-tropical deserts and 
semi-deserts Found in S.W. 
America, N. y\frica, Sahara, Libyan 
and Arabian deserts. 

(/)') Sclerophyllous forests 
These forests occur in greater pari 
of the Mcditcrranian Coast, Central 
and Southern California in G.S.A. 
Central Chile, Southern Cape in S. 
Africa and Southwestern Australia. 

(i) Warm-temperate^ wet ever¬ 
green forests are seen extensively in 
E^astern Asia, Southern cast coast of 
Australia and North Island of New 
Zealand. 

f/r) Deciduous forests of the 
temperate zone : Under this zone 
fall large areas of Eastern North 
America, Western and Central 
Europe and East Asia. 

{vii) Boreal coniferous zone is 
found in the Northern part of North 
America and Eurasia. 

In India, the deciduous tropical 
forests are well represented. The 
richness of floral vegetation and the ; 
need to conserve them has been ‘ 
vividly described in S.R.y May 1979. 


while others (oxalis some^ferns) are 
shade-loving. The tolerance level of 
one group of plants under a diffe¬ 
rent light situation varies widely 

Thus, ecologicaldistribution of plants 

are determined by light factors. 

From the crop productivity point 
of view, the photosynthetically active 
radiation (PAR) has greater signih- 
cance than the total radiation. Crops 
differ in their radiation conversion 
efficiency. The bioJogkal yield of 
crops depends on the seasonal change^ 
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Fig. 3, Map showing the climatic zones 


in the total radiation and the PAR. 
From Table 4 it eaxx be seen that the 
two ma n crop seasons kharlf and 
rahi difTer in their total radiation and 
PAR. Biological yield of a cereal 
cron and a legume crop in each season 
rejects its radiation conversion 
efficiency. Both maize and wheat are 
more efficient than the legumes, 
though grown at two diiTercnt sea¬ 
sons. The physiological implications 
of such performance of crop com¬ 
munities arc being worked out at the 
Water Technology Centre, I.A.R.I., 
New Delhi. 

The quality of light, i.e., its spectral 
^composition, determines the chemi- 
<^al substances produced by plant 
Red light has been shown to 
increase carbohydrates while blue 
iight favours the accumulation of 
proteins. As the spectral composi¬ 
tion changes from dawn to dusk, the 
plant products also vary depending 


in India {^After Heinrich Waller 1973) 

upon the time of the day. Formation 
of sugar compounds increases with 
increasing time from morning to 
evening (see also S.R., April 1979). 

Temperature. The rate of growth 
of crops is influenced greatly by the 
changes in temperature. Tempera¬ 
ture influences the important stages 
of crop growth commencing from 
seed germination to -vegetative and 
reproductive growth through grain 
or seed formation. For instance, the 
utilization of seed reserves for the 
growth of shoots and roots has been 
found to vary not only between 
different crops (wheat, barley, maize, 
sorghum, cowpea, etc.) but also 
between different varieties of the 
same crop. Another common observa¬ 
tion is the delayed flowering of cow- 
pea, soybeans, etc., during cool nights. 
Tea and coffee are more productive 
under cool tropical highlands. 

In rice crop the ripening period 


is dependent on temperature the 
higher the temperature the shorter is 
the ripening period. For example, 
under tropical conditions ripening 
occurs within 30 to 35 days (after the 
emergence of panicle), whereas at 
low temperatures it may prolong to 
60 days. In fact, the entire crop dura¬ 
tion in rice is controlled by tempera¬ 
ture. Wheat grown in different parts 
of I ndia ripen during different months: 
end of February or early March in 
Central India, in April in U.P., in 
May in Punjab or even in June 
in Northern hills. This again 
indicates the close association bet¬ 
ween the rapidly increasing tempera¬ 
tures and the early maturity of the 
crop in these areas. 

Mention also must be made of 
the existence of unusual ffloStfbns. 
^like the association between cool 
^temperature.s and tropical day length 
and solar energy. The mountains in 
the tropics near the equator as in 
East Africa (Mt. Kenya and Kiliman¬ 
jaro) provide a good example. In 
these areas it is possible to grow a 
combination of both temperate and 
tropical crops like tea, coffee, wheat, 
maize, bananas, sweet potato, etc. 
But not all temperate crops can be 
grown in the tropics because in many 
temperate species low temperature 
has an important effect on processes 
like induction of flowering, breaking 
of seed dormancy, etc. 

Different stages of growth have 
different temperature optima; iti 
wheat for example it is lO^^C to 15°C 
during seed germination and vegeta¬ 
tive growth and 30‘’C to 35"C during 
grain forming stages. Also, diffe¬ 
rent processes exhibit different opti¬ 
mal temperature requirements. For 
instance, at a temperature around 
20°C the photosynthesis may be at a 
higher rate than respiration. Even-the 
day-night temperature fluctuation 
plays a great role in several physiologi¬ 
cal processes. Rice grown at a day/ 
night temperature of2 6X/23'’C took 
84 days to flowering, whereas a shift 
in temperature regime to 30°C/21°C 
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Table 5. Plants which hatl fht-ir origin in India (Aftii J.W. Purseglove, 1968 
and 197Z) 

Ouianical name C onimoit iiti/nc ose 


Artocarpus hefeioph yllimt 
Amomum aromaticum 
Hra^sica campcstris 
Cmsia fismht 
Cinnaniomum tatnala 
Cofieu bengiilcrtsts 
C 'rorolui id juncea 
Cucumis safivus 
Curcuma angustihliu 
Cramops i v lermyonahha 
t ie us hengalensts. 
t. eiqsticet 
luiltgo/erii thtetorUt 
\tutro\a Koemgii 
Oryza officinalis 
O. sativa \uh~sp- 'miiu a 
Pkaseolus mango 
/’. aconitifohum 
Piper nigrum 
Saccharum barhei i 
Sesumum prostrafum 
Solatium mehmgenu 
Sotglmm dun a 
Sterciilia urens 

rI iticum ac^tt\um sub-sp sphaei o 
cocum 


Jiick fruii 
Bengal cardamom 
Field mustard 
Indian laburnum 
Indian cassia 
C\)ffcc 
Sunnlicnip 
Cucumber 
India ai it>\vrt>oi 
Clusicr bean 
Indian ban>an 
Indian rut>ber lig 
Indigo 
Curry Ic;if 
Wild ncc 
Tropic rice 
Black gram 
Mal bean 
Pepper 
Sugarcane 
Sesunc 
hgg plant 
Durra 

Kataya gum 
Wheat 


bdibic fruii 

Spice 

Oil seed 

Purgative 

Spice 

Beverage 

I ibre 

Salad vegetable 

Medicinal 

I dible pods 

Ornatnenlal 

Rubber 

Dye 

Flavouring 

Weed 

Cereal 

Pulse 

Pulse 

spice 

Sugar 

Oil seed 

Vcgeiablo 

Cereal 

Cium 

Cereal 


Table b. The range of latitude and lem]>eraturc variation during the growth of 
some important crops (Afur J.W. Pursegipve, 1968 , 1972 and S,K. 
Sinha, 1977) 


Holaiucal name 

Common name 

Latitude 

Tenipct atu 

Am Alls liypogaea 

Groundnut 

40^N-40^»S 

20^^-38^C 

C aj.inus cujan 

Red gram 

JO N-30«S 

20'^-40''C 

C icci or if t mum 

Bengal gr.nn 

15 N-40‘’N 

10'’-30«C' 

Cocos nucifeta 

Coconut 

20'^N-20‘\S 

270 . 32 ^ 

Cossy pium \p 

CoUon 

37 N-32^S 

20“-35^C 

Musa paradtMuca 

Banana 

m N-JO’^S 

27‘^-30*<' 

Oiyzii sativa 

Rice 

4S'^'N-40«S 

20f'-38‘’S 

Pisum sativum 

Green peas 

25 ’N-40''S 

10‘^-30'C 

Saccharum officinal um 

Sugarcajxt 

X5'’N-35"S 

12^^-38‘C 

Sorghum hicolor 

Jowar 

40<'N^'^S 

30‘'.35^ 

Triticum aestivum 

Bread wheat 

60*'N- 

20^-35^C 

Zea mays 

Corn 

50^N-40^S 

25^-3(X' 


resulted in delayed flowering (118 
days). A day temperature of 26 C 
and a night temperature of ITC 
was found to be the best for lomaio 
fruit development. The plant parts 
diTer in their temperature require¬ 
ment for growth — shoots grow at 
higher temperatures than the roots 


for example. So, the climatic fac¬ 
tors significantly influence crop 
productivity, which in turn is the 
manifestation of various physiologi¬ 
cal and biochemical processes 

Origin and distribution of crop plants 

Several considerations like lati- 

Itt 


ludc, altitude and the prevailing envi¬ 
ronmental factors contribute to 
determining the origin of plants 
Adaptation to a given situation leads 
to diversity in the distribution of 
plants in different parts of the world. 
There arc geographically diJfercnl 
races of the same crop which have 
evolved as a result of diversity in the 
nature of climatic zone. The best 
cxaniplc is provided by rice {Oryre 
sari} a). There are three sub-species 
of this crop which have difl'erenl 
geographical distribution. For inst¬ 
ance, the ‘indica^ nee is adapted to 
tropical monsoon climate (South 
and Southeast Asia and the Philippi¬ 
nes); ‘javanica’ rice is adapted to 
equatorial climate and is inainly 
grown in Indonesia; ‘^japonica’ rice 
is adapted to temperate climate and 
IS grown in Japan, S. Korea, N 
China, S. Europe, etc These three 
1 >ub-species differ not only in their 
du ration of crop growth, morphologi¬ 
cal characters (plant height, tiller 
number, leaf and ear characters, 
grain shape, etc.) and their response 
to pholoperiod, but also in their 
yield potential and the price com- 
mand. ‘fndica’ rice is usually very sensi 
tive to photoperiod while other two 
are not Though the yield potential 
of ‘indica’ is considered to be lower 
than ‘japonica’, the price command 
is higher for the former. 

By virtue of its widely varying 
climatic regions, India has the distinc¬ 
tion of being the land of origin of 
many well-known crops in the world 
(Table 5). Table 6 gives an idea abou^ 
the wide distribution of ditTervm 
crops on a global scale and also the 
optimum temperature condition.s foi 
their growth. 

The renowned Russian Botanist 
N. L. Vavilov has listed the centres ol 
origin of different crops China was 
the origin for soybean, while sugar¬ 
cane, coconut, bananas etc., have 
originated in the Indomalaysian 
peninsula. Crops like wheat, rye, 
barley, and chickpea came from the 
near and middle east. The Ethiopian 
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region is considered as the origin 
for sorghum, pearl-millet, finger 
millet, cowpea, arabica coffee, etc., 
whereas maize, upland cotton and 
tomato came from South America. 
This general account gives an insight 
into the climatic conditions of the 
zones where different crops originated. 
The wide distribution of these crops 
in different climatic zones, as we 
find them today, indicates the range 
of their adaptability. 

Historical evidences coupled with 
ecological considerations and sys¬ 
tematic botanical relationships have 
helped in tracing the origin of 
important crops, whereas the cultiva¬ 
tion pattern of wild species to suit 
to the needs of the ancient food-hun¬ 
ters who migrated from place to 
place through centuries reveal the 
crop migration from its place of 
origin to different areas. For example, 
the widely accepted opinion is that 
rice was domesticated in India or 
Indochina, but was later taken by 
people from Southern China to the 
Philippines. Likewise, from China it 
spread to Japan. Not until the con¬ 
quest of India by Alexander the Great 
in 320 B.C. was rice found in Europe. 


It spread westwards to Iran between 
400 B.C. and 300 B.C. and later to 
Syria. Rice was introduced in to 
Brazil by the Portuguese. 

The foregoing account shows the 
complex nature of the relationship 
between the climate and crops. It 
not only provides an opportunity to 
learn about the origin of crops but 
also about the greater potentiality of 
harnessing their yield by exploiting 
the favourable environmental varia¬ 
bles, like abundant sunshine. This is 
what the modern agriculturists are 
precisely attempting to do with the 
ultimate motive of attaining the 
maximum yield potentials. The latest 
thrust is on the maximization of 
solar energy utilization. Crops are 
being screened for their radiation 
conversion efficiency. 
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UNIFICATION OF WEAK AND ELECTROMAGNETIC FORCES {Continued from page 761) 


the mass of the proton. The experi¬ 
mental verification of the existence 
of these bosons will have to await ten 
to twelve years till particle accelera¬ 
tors of requisite energy are com¬ 
missioned and constructed. 

There is now no doubt that the 
weak nuclear force is nothing but a 
different facet of a basic force whose 
other facet is electromagnetic force. 


The unification of two seemingly 
different forces, namely, of weak 
and electromagnetic, has justly been 
described as analogous to the nine¬ 
teenth Century unification of electri¬ 
city and magnetism obtained by 
Faraday and Maxwell. It is an idea 
of profound importance. Its import¬ 
ance is comparable to that of Newton’s 
theory of gravitation which showed 
that the force responsible for a falling 


object is the same as that which 
keeps the planets in their orbits. 

The Salam-Weinberg theory 
reduces the four fundamental forces 
in nature to three, namely, the strong 
nuclear forces, the electro-weak 
force and gravity. This success may 
help in achieving a unification of 
these three forces, the ultimate 
dream of a physicist. 





I N his memorable lecture given 
before the South Indian Science 
Association at Bangalore on 16th 
March 1928, Prof. C. V. Raman 
described his discovery of ‘A new 
type of secondary radiation’ which 
he had come across a few days ear¬ 
lier at the laboratories of Indian 
Association for the Cultivation 


quantum theory of radiation put 
forward by Max von Planck 
and extended by Albert Einstein 
according to which a body can 
give out or take up energy only 
in integral multiples of a definite 
amount. 

Raman effect is a phenomenon 
which occurs when light is scattered 


S. RAMAKRISHNAN 


i6th March 1980 marks the 
52nd anniversary of the 
discovery of Raman effect. 
Today, it finds applications 
in not only physics and 
chemistry but also in many 
other scientific disciplines 


of Science, Calcutta. That 
discovery won for him universal 
applause and acclamation of scien¬ 
tists all over the world for its funda¬ 
mental and far-reaching nature, and 
later for its multifarious applications 
in science and industry, technology 
and biology. 

Raman effect came into the scene 
as a result of patient and persistent 
work of Raman in collaboration 
with other scientists, namely, S. 
Bhagavantam, K. R. Ramana- 
than, K. S. Krishnan and 
others. Because of its univer¬ 
sality in nature and applicability in 
the three states of matter it opened 
very wide field for research. Raman 
ettect thus marked an era in the 
progress of science in general and 
niodoip physics in particular. It 
niovitlcd perhaps one of the most 
, ipvii'g justifications for the 




by matter of any kind-*-solid, liquid 
or gas. It is a specific and characteris¬ 
tic change in the frequency of light 
introduced during light-scattering 
by molecules of substances in solid, 
liquid or gaseous state. 

The phenomenon of scattering 
has been known for a long time. 
Scattering of X-rays and gamma 
rays is known as Compton effect 
after A.H. Compton, the American 


physicist. Raman effect is, in fact, an 
optical analogue of Compton 
effect. As ottering of light itself 
was known by A. Smekal, Raman 
effect is also called Smekal-Raman 
effect. Scattering ' of ' light in 
gases was known even in the last 
century. Lord Rayleigh interpreted 
the blue colour of the sky as 
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due to the scattering of sun’s 
rays by molecules of air. Raman 
himself remarked that he drew his 
inspiration from Compton effect and 
Rayleigh’s interpretation of the blue 
skies He observed that “the inspira¬ 
tion for this scheme of research was 
derived in the first instance from 
Rayleigh’s well-known theory of 
the blue sky and the hope that our 
laboratory studies would furnish a 


D;. K MMkmbnun is Professor of Biochemistry at Jawaharlal Institute of Post-graduate Medical Education and Research, 



solid experimental basis for the 
explanation of such natural processes 
as the , colour of the sea and the 
colour of ice in glaciers.” 

What is Raman effect ? 

The greatness ol Raman’s dis¬ 
covery lies in his concept of a new 
type of secondary radiation. He 
observed that during scattering, the 
colour of the light itself is altered (in 
most cases) by the molecules. This 
change in colour attending the 
scattering of light is the Raman 
effect. 

Now the question arises : Why 
does the colour change due to scatter¬ 
ing ? 

According to modern ideas of 
quantum theory of radiation, a 
beam of light is supposed to be 
propagated through space as what 
are called-energy quanta or photons, 
which are not propagated continu¬ 
ously but in integral multiples of a 
definite amount. The photons decide 
the colour of the light. 

Wher a photon hits a molecule, 
it may be scattered without change 
of energy or it may give up a part of 
its energy to the molecule and be 
scattered with less energy. In rare 
cases, it may also absorb a certain 
amount of energy from the molecule 
and be scattered with more energy. 
Where the energy of a photon does 
not change, no colour change occurs, 
but where there is energy change, 
the colour is altered towards the red 
or violet end of the spectrum. One 
point to be noted here is that there is 
no question of exchange of energy 
between the molecules and photons. 
Every molecule has a scheme of 
energy levels peculiar to it, and it can 
either accept or give up an amount 
of energy equal to what is needed to 
transfer from one level to another. 
Obviously, therefore, if we can 
nieasure the changes in the energy of 
ihe photons due to scattering, wc 
obtain at once the scheme of energy 
levels of the molecules. In order to 

able to measure the change in 
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energy of photon, it is clearly neces¬ 
sary to use only photons of definite 
energy to start with, i.e., a single 
coloured light. When such mono¬ 
chromatic light is examined in a 
spectroscope, only a small number of 
sharp lines is observed But when such 
light falls on a liquid or any other 
substance and the scattered beam 
(usually at right angles) is examined, 
many new lines are seen which are 
called Raman lines; the spectrum 
as a whole is called Raman spectrum, 
(Figs. 1 to 3) which is specific 
and characteristic of the scattering 
substance. By measuring the differ¬ 
ence between the energy of these 
Raman lines and that of the initial 
lines due to incident light, the energy 
levels of molecules of the scattering 
substance can be obtained. 

To put Raman effect in physical 
language, when the molecules of 
solid, liquid or gas are irradiated with 
monochromatic light, inaf is, light 
of definite frequency, the quanta of 
energy or photons of light interact 
with the molecules and a part of 
their energy may be distributed 
throughout the molecules in their 
vibrational and rotational degrees of 
freedom. Energy not used in these 
vibrational and rotational excitations 
is scattered from the molecule as 
light of different frequent^. Thus 
additional lines of altered frequen¬ 
cies are seen. The additional lines 
are characteristic of the scattering 
substances. 

If Vi is the frequency of the inci¬ 
dent light and that of the scattered 
light, then from quantum theory, 
the energy associated with the inci¬ 
dent and the scattered rays is hvi 
and hv* respectively. The energy 
difference which has been presum¬ 
ably transferred to the molecule of 
the substance is equal to h (vi- vj. 
The frequency difference, v, ~ v,®= ^ v, 
is called Raman frequency. 

Applications 

The first application of Ramaa 
eiTect is in the Elucidation of mole-* 
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Fig. 1. Raman spectra of benzene and 
toluene; Top' incident spectrum. 
Middle: Benzenes cattering. Bottomi 
Toluene scattering 

cular architecture. An examination of 
Raman spectra of many compounds 
has shown that h^v is almost in¬ 
variably equal to the change in rota¬ 
tional and vibrational energy of the 
molecule. So the information 
obtained from Raman spectra helps 
in knowing about the vibrational 
and ^otatio^al levels of the mole¬ 
cules and thereby in the elucidation 
of the molecular structure. The 
vibrational and rotatipnal transi- 
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tions give a band of spectrum which 
lies mainly in the near infrared. A 
diatomic molecule has only one set 
of such bands whereas for a poly¬ 
atomic molecule seveial sets are 
observed. So, from the sets of obser¬ 
ved bands one can have an idea 
about the modes of vibration. 

From the modes of vibration, 
[l is possible to know whether the 



Fig. 2. Examples of Raman spectra taken 
with the Hilger Raman spectrograph. 
The wavelengths of the several 
mercury lines and of one faint line of 
barium (from the filament coating 
in the mercury lamps) are marked 
for identification. The spectra are; 
(A) Light source-only; (B) o-(20 per 
cent) and p-xylene (80 per cent); 
(C) mixture of 15 per cent o-xylene, 
56 per cent m-xylene, 8 per cent 
p-xylene, 17 per cent ethyl-benzene, 
1 per cent toluene and 2 per cent 
styrene; (D) p-xy!ene; (E) m-xylene; 
(F) o-xylene; (G) ethylbenzene; 
(H) cyclohexane; (i) benzene; and 
(J) carbon tetrachloride 


molecule is diatomic or triatomic, 
etc., and also the stereochemical 
arrangement of atom sin the molecule. 
From the study of Raman spectra 
it has been shown that molecules of 
water, hydrogen sulphide, sulphur 
dioxide, etc., are triangular, those of 
ammonia are pyramidal and those 
of phosgene, thionyl chloride are Y 
shaped. 

A second application of Raman 
effect is in determination of the inter¬ 
atomic distances. If a molecule is 
regarded as a simple harmonic oscil¬ 
lator, its energy is restricted by quan¬ 
tum considerations to integral multi¬ 
ples of hv. From an equation rela¬ 
ting the frequency (v) and the moment 
of inertia of the molecule (I), the 
latter can be calculated. The moment 
of inertia of a molecule is related to 
the interatomic distance (d) by the 
equation 

nij Wo 

I -- L X d® 

Wi 4“ Wj 

where Wi and are masses of the 
atoms involved. From this the inter¬ 
atomic distance (d) in a molecule 
can be calculated. The internuclear 
distances in hydrogen chloride, 
benzene, etc., have been calculated 
using this equation. 

A third application of Raman 
effect in chemistry is in determina¬ 
tion of strength of linkages. From 
Raman spectia the force constants, 
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viz., restoration force per centimeter 
in the molecule, can be calculated. 
These constants give the relative 
magnitudes of forces involved in 
various chemical valency bonds and 
thereby the strength and multiplicity 
of linkages. The force constant is 
proportional to the number of 
electron pairs shared by two atoms. 
This apparently holds good for 
covalent bond as well as coordinate 
bond which shows that there is 
really no fundamental difference 
between covalency and coordinate 
covalency. 

Not only the strength of linkages 
but the nature of groups present in 
the molecule can also be known 
because particular groups have fixed 
force constants. For example, force 
constants can be employed to know 
whether the molecule has a C—C 
or C=C or C = C bond. 

There is also a direct method of 
identifying functional groups and 
bond multiplicity by Raman spectra. 
The characteristic frequencies of 
Raman lines arc useful in this respect 
(Table 1). The vibration frequencies 
determined from spectra are those 
of the different modes of vibration 
of the molecule as a whole. However, 
force constants of certain linkages 
often have a predomuiant influence 
on a particular frequency. So, that 
particular frequency may be regarded 
as being due to a particular bond or 
linkage. It has become the practice 
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T»Ue 1. Characteristic freqaeacies of liakages 


Bond 

Frequency 

Bond 

Frequency 

Bond 

Frequency 

C - C 

C - C 

C ^ C 

801^860 enr-* 
1600-1650 on-i 
2100-2250 cm-* 

C -0 

C - 0 

820480 cm* 
1710-1750 cm-* 

C — N 
C = N 
C N 

8g0-930 cm-' 
1650 

2150 cm~i 


to associate a chafacteristic frequ¬ 
ency with a ]>articular type of linkage. 
It must be emphasized that this is 
only an approximation but one 
which has proved useTuL The actual 
frequencies depend to some extent 
on the remainder of the molecule 
and so are only approximate. 

Single bonds involving carbon, 
nitrogen and oxygen have characteris¬ 
tic frequencies of about 800 cm"^, 
double bonds about 1600 cm~^ and 
triple bonds appi oximalely 2100 cm~^ 
If hydrogen is attached to one 
of these atoms, c.g., C—H,thefrequ- 
ency increases to about 3000 cm*'^. 
If a heavy atom is linked to carbon, 
the characteristic frequency decreases 
significantly: 650 cm”^ to 710 cm”‘ 
for C~-CI . 

So Raman spectrum is a 
valuable tool in the study of mole¬ 
cular structure. In fact, a final verdict 
about the much debated structure of 
benzene was given by Ingold School 
(C.Ingold, England, 1953) after using 
Raman spectra. This application is 
particularly useftil in the analysis of 
complex mixtures of aromatic, ole- 
finic, paraffinic and cycloparaffinic 
hydrocarbons, mineral oils and 
various isomers. The study of iso¬ 
mers is of industrial significance 
since the petroleum industry deals 


with it. Detection and estimation 
of saturated and unsaturated hydro¬ 
carbon halogen derivatives, alcohols, 
ethers, aldehydes, ketones, hetero¬ 
cyclic and homocycUc compounds is 
possible from the study of Raman 
spectra. 

Raman effect is useful in crystal 
study also. It furnishes information 
about different kinds of crystal 
formation dealing more with dyna¬ 
mical behaviour; strength and 
nature of forces that hold the 
atoms together in a crystal; frequen¬ 
cies with which they oscillate when 
disturbed from equilibrium positions, 
etc. 

Much light has been thrown by 
Raman effect on nuclear chemistry. 
It gives information about spin of the 
nucleiof various atoms. From Raman 
spectra it has been found that nitro¬ 
gen nuclei follow Bose Einstein statis¬ 
tics. This, in other words, proves that 
electrons cannot be present in the 
nucleus. This is a conclusive piece of 
evidence to show that the atomic 
nucleus consists of protons and neu¬ 
trons and not electrons. 

The idea of resonance—both elec¬ 
tron exchange hybridisation and the 
bond-multiplicity hybridisation—has 
been substantiated by Raman spectra 
studies. 


Though the Raman effect is a 
property owned by physics, it seems to 
find more applications in chemistry. 
The U.S. physicist J.H. Hibben ob¬ 
serves that "‘Raman effect began as 
the stepchild of physics but as time 
progressed ii became the adopted 
child of chemistry”. Today, Raman 
effect has applications not only in 
the fields of physics and chemistry 
but many other scientific disciplines. 
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McGraw Hill Book Co., Inc., 
New York, 1960, pp. 123-125. 
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^ANY of tic \^armaceutical 
prodiKSts avtfilabk)Sn the market 
>mprise Wther nattral products 
drived ftom terrestrial micro- 
rganisms, plants and animals or 
Lcir synthe^it analogues. The dimini- 
ling soured pf terrestrial life forms 
; well as th| resistance developed 
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by pathogenic orgauiatsia^Tp tnatiy 
conventional antibiotics, have placed 
many constraints upOn the phar¬ 
maceutical industry in the develop¬ 
ment of new products. In their search 
for new and more effcclive themicals 
scientists are trying to evolve sub¬ 
stances of therapeutic importatcc 
from the vast and diverse range of 
oceanic life forms. Among them arc 
marine algae, a diverse group of 
autotrophic organisms. 

Marine and fresh-water algae 
have long been used by man, chiefly 
for cattle feed, manure and 


abscesses and even .canw: kow- 
ever, tM sea<1i:h foT drugs from 
maJ^inq lilgs^ is a relatively recent 
updCrtakingi. 

The phytoplankton and thg macro- 
algae, the primary producpra in the 
mt^rine environment, produce sub¬ 
stances which have a broad spectrum 
of antibiotic activity. Among^he red, 
bro>vn and green algae, the tiiatpms 
and dinoflagellates, there 
m^^nbers possessing a 
of pharmacological activity. Certain 
genj^a in these groups of algae 
Contain useful phycocolloids. They are 


and of chibro^yll, brominated phertO- 
Jig compoundsj^^iic acid and certain 
polysaccharide iilij^phates. This arti¬ 
cle discusses the biochemical and 
pharmaceutical aspects of some of 
these substances. 

Alginates 

Alginates, an important extract 
from brown algae, are the salts of 
alginic acid with sodium, potassium, 
ammonium, calcium and propylene- 
glycol. The acid is a long chain of 
Uronic acid (D-mannurohic and L- 
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Fiff. 1. Uranic acid 

glucoronic) group joined by l,4glyc- 
csidc linkages (Fig I ).The brown algae 
commonly used for algin extraction 
belong to the genera FucuSy Macro¬ 
cyst is, l.aniindria, Alaria^ Eck Ionian 
Eusenia, DurvifleOy Cytoscira and 
Lessonia (Fig. 2). Alginates find wide 
use in pharmaceuticals. They are 
used as tablet disintegrating agents; 
3 % - 10% alginic acid in tablets 
disintegrates them much faster than 
those containing 1starch. They 
arc also used as blood anticoagulants; 
an absorbable haemostatic material 
for control of surface bleedings in 
the preparation of sustained release 
formulations and in formulations 
for dental impression materials. 
Alginates may also be used for the 
prevention and treatment of radioac¬ 
tive strontium poisoning. The algina¬ 
tes with higher concentrations of 
glucoronic acid have a greater affinity 
for divalent cations and* have higher 
selective binding capacity for stron¬ 
tium than calcium. They form gells 
with radioactive strontium in the 
gastrointestinal tract thereby prevent¬ 
ing its absorption in the body. 

Fig. 2. Bmra algae; (1) Lammaria, (2) 

crocystis ( 3 ) Fticus (4)Ascaphyllum 
( 5 ) Ahrh 


The (brown macroalgae are 
commonly known as ‘Kelp’, but 
originally the term referred to 
the ash rich in soda and potash, 
obtained by burning marine plants. 
Different species of the genera 
Laminaria^ Fucus, SacvorhizCy 
AscophyUunty EckIonia and Eusenia 
are now employed for kelp produc¬ 
tion. The kelp extract contains a 
number of chemical elements, nota¬ 
bly potassium and iodine. As iodine 
is an important constituent of thyroid 
hormones, kelp extract is useful in the 
chemotherapy of thyroids. It is used 
for the treatment of goitre as 
well. 


Laminaria coloustani and other 
related members yield the polysaccha¬ 
ride, laminarin, comprising D- 
glucose residues joined mainly 
through 1-3-typc linkages (Fig. 3) 
The highly sulphated derivatives of 
the polysaccharide have anticoagula- 
ant properties while the less sulpha¬ 
ted groups have antilipemic 
(fat reducing) properties without 
anticoagulant activity. The latter 
property permits its use as an effective 
antilipemic agent without the hazards 
of concomitant anticoagulant action. 

Investigations based on folk 
medicine have lead to the isolation of 
laminine dioxalate (5-ainino-5-carboxy 
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pcntyl-lrimethyl-ammcmiuin dioxala- 
ate), a hypotensive agent. In the 
north-eastern part uf Japan, certain 
species of Laminaria have been used 
in folk therapy particularly for pre¬ 
vention and treatment of hypertension. 
The major source of laminine are L, 
angustata^ L. yezoensis^ L. cichoriods 


and Ecklonia cava. 

Recently anticancer properties of 
non-dialyzable fractions from Sargas- 
sum fulvellum and S. thumbergi have 
been reported against 'sarcoma 180^ 
tumor system^ and 'Ehrlich ascites 
carcinoma* respectively. 



Agar-agar, a complex polysac¬ 
charide, is the most important 
product of red algae. It finds wide 
used in microbiologicai studies and 
pharmaceutical industry. Agar is ex¬ 
tracted mainly from different species 
of GelUOum^ Nyjmea, Gracillaria^ 
Gigartine, Ceramium^ Pterocladia^ Su- 
hrkiy AhtfeUia and other genera which 
produce and store it along with cellu¬ 
lose in their cell wails (Pig. 4). Studies 
with GelUHum sp. have shown the 
active component of agar to be a 
linear polysaccharide of 9-p-D- 
galactopyranose, linked in 1 -4^ bonds 
with sulphated L-gaUctose (Fig. 5 ). 
Agar is extensively used in medicine 
chiefly as laxative; sometimes it is 
prescribed for treating a prolapsed 
rectum and is also employed 
as a dietetic. When used as a sub¬ 
strate for certain types of virus in¬ 
fected tissues (EMC or encephalo- 
myocardttes vir^s), agar inhibits the 
development of the vims. 

Another principal product from 
red algae is carrageenan. Chemically 
similar to agar, it is also a 
linear polysaccharide consisting of 
D-galactose-3-6-anhydro- D-galactose 
as the basic unit. It is composed of 
two fractions, the branched kappa 
and unbranched lambda carrageenan 
(Fig. 6). The major source of carra¬ 
geenan is Ckondms crispus and some 
species of Gigartina and Eucheuma. 
Besides its use as a remedy for cough, 
carrageenan has recently been found 
benefictal for its antipeptic and anti¬ 
ulcer properties and also as a potent 
anticoagulant and antithrombic sub¬ 
stance. 

The reported antiviral properties 
of both the above polysaccharides 
have been attributed to their galactan 
units; other similar polysaccharides 
which lack such units have no such 
activity. Specific antiviral activity 

Fig. 4. Rei aHipe; (1) CigQrtUmy (2> Gra- 
eilmrm 01 (4> EMunit 0> 




has been demonstrated against in- 
fiuenza B and mumps virus in em- 
bryonated chicken eggs. 

It has been reported that intra¬ 
venous injections of carrageenan from 
Chondrus crispus and laminaiin 
sulphate from Laminaria digitata 
significantly reduce serum lipids and 
prevent the development of athero¬ 
sclerosis. More recent reports show 
that algal polysaccharides or dried 
algae when orally administered 
reduce serum cholestrol in rats. In 
rats, carrageenan treatment has been 
shown to increase uptake of cal¬ 
cium in bone and to reduce serum 
calcium. This may be of potential 
benefit to persons suffering from 
osteoporosis or similar disorders. 
Overdose of barium, cadmium and 
zinc have also been ertectivcly treated 
in rats by administering algal poly¬ 
saccharides. 

Apart from these products which 
offer great possibilities for commer¬ 
cial exploitation, there are some im¬ 
portant but less economic algae or 
algal products which are used for 
curing various ailments. For exam¬ 
ple, kainic acid (2-carboxy-3-car- 
bonymethyl-4-pyrrolidine) isolated 
from the red alga Digenia simplex 
is widely used in Japan for its vermi¬ 
fuge and antihelminthic proper¬ 
ties against the parasitic round worm, 
Ascaris limbricoides^ the vhip worm, 
Trichuris trichura and the tape worm 
Taenia spp. Kainic acid is availa¬ 
ble both in powder and tablet forms. 
In combination with piperazine 
adipate it is used in the treatment of 
ascariasis, trichuriasis and oxyuriasis. 
Currently, domoic acid [2-carboxy-4 
(L-methyl-S-carboxy-trans-5-trans - I , 
3- hexa dienyl)-3-pyrrol idin acetic 
acid] obtained from Chondria armata 
is being investigated for its antagonis¬ 
tic effects on Oxyuris as well as 
Ascaris worms. 

Many algae are known to pro¬ 
duce arvtihactcrial substances effec¬ 


tive against a number of pathogenic 
bacteria. Chlorellein produced by 
Chlorella was the first kind of such 
substances. The extra-cellular pro¬ 
ducts released in nature by certain 
algae such as Sargassum are found 
to be active against bacteria. Extracts 
from Cladophora and other algae have 
been reported to kill strains of 
Pseudomonas and Mycobacterium 
and also exhibit antiviral activity. 
Organisms such as Dasya^ Halimeda 
and Macrocyst is 'dre reported to release 
antibiotic substances under laboratory 
conditions. I. S. Harnsey and D. 
Hide, Department of Applied 



Biology, North Eastern London 
Polytechnic, London, after studying 
several dozens ofBriiish marine algae 
concluded that about one third 
appeared to possess antibacterial 
activity which vary with age and 
different parts of the lhallus. 

Some of the marine and fresh¬ 
water genera of Cyanophyta also 
possess interesting pharmacological 
activity. The alga Lynghya ma/uscula 
has been implicated in the outbreaks 
of dermatitis among swimmers and 
toxicity in fish and mice, but it also 
shows antimicrobial, antiviral, fun- 
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gicidal ami other type of growth 
inhibitory properties. An anticancer 
compound, Debromoaplysia toxin, 
has been isolated from the Lynghya 
gracilis population of Marshall Islands 
in Pacific. Chloroform extracts of 
L. gracilis and other related members 
of the same family show antagonistic 
elfcet against a lymphocytic mouse 
leukemia. 

There are many algae which have 
ditferent pharmacological activities. 
They are usually members of 
Bacillariophyta, Pyrrophyta and 
certain genera of green algae. Many 
of them produce and release extra¬ 
cellular substances which arc very 
toxic in nature Significantly some of 
the marine toxins arc considered to 
be among the most poisonous sub¬ 
stances known. After dilution, such 
toxins may be utilized as useful 
therapeutic agents. 

Among the major countries 
activcl> engaged in tnc production 
of potential algal pharmaceutical 
products are the United States, 
Britain, Canada, Japan, New' 
Zealand, Austria, some countries in 
Africa, South America and Europe. 
In India, some preliminary studies 
have been undertaken by Central 
Salt and Marine Chemical Rcseaich 
Institute, Bhavanagar After screen¬ 
ing several marine algae for 
antiviral, antibacterial and 
fungicidal activity, P S. Rao and 
others have tested the antibiotic 
substance isolated from Entcromorpha 
against clinical isolates of Afjcohoc- 
fcnuni tuherr ulosis, l'he\ could get 
complete inhibition of the tubercle 
bacilh in culture These workers 


have also found that such antibacterial 
activity exists in different fractions 
(pigments, phenol, as well as fraction 
A and fraction B of the lipid) of 
seaweeds such as Entcromorphu in- 
testmalis\ Caulerpa ta^ifoliay Padina 
gymtiosporUy Gclidiclla aarosa and 
Gracilaria cortuata. At the Marine 
Algal Research Station of CSMCRI 
at Mandapam (Tamil Nadu) 
K. Subharamaiah and coworkers 
are engaged in cultivation ' and 
harvesting of the agar producing and 
other pharmaceutically important 
marine algae. 

The main task here is the collec¬ 
tion of marine organisms that manu¬ 
facture biologically active substances, 
their separation and purification and 
study of their possible application 
m the treatment of diseases. One 
recent approach is to search for the 
existence of specific steroid molecules. 
Among algae, the green ayd red algae 
contain steroids usually found in 
land plants whereas brown algae 
have some unique compounds. Much 
attention has also been given to 
identification of the fatty acid con¬ 
stituents of marine algae because, 
as a byproduct of marine algal in¬ 
dustry, the fatly acids may provide 
an inexpensive dietary component 
not only for man but for animals as 
well. 

There arc many problems that 
come in the way of the successful 
development of-ilgal pharniaccuticais. 
Among them arc lack oi trai¬ 
ned personnel, difficulties in cul¬ 
turing marine orgamsams, problems 
in the screening of crude extracts for 
biological activity, 4ind diffculties 


inherent in the extraction of natural 
products, their separation and 
characterization, etc.. Some of these 
difficulties can be overceme by 
successful pooling of ideas, talent 
and experience of several related 
overlapping disciplines, viz.; ecology, 
taxonomy, ethnohotany, pharmaceu¬ 
tical chemistry, pharmaedgnosy, 
pathology, oceanography, etc., and 
concentrating attention on problems 
which are most likely to yield new 
useful and marketable pharmaceuti¬ 
cals j 
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able contmunications, specially for 
remote health care, the technical 
sp^ifications of the equipment 
become an important faaor. For 
instance, when telephone is used 
for other than transmission of 
relatively ambiguous data, its effecti¬ 
veness is heavily dependent upon 
the credibility of the verbal 
description of the medical problem 
given to the doctor. The reliability 


TN recent years astronomers 
^ hive paid considerable attention 
to the centre of our galaxy Milky 
Way. Reasons are many but two 
would suffice here. It has been 
found that a lot of matter and 
energy is periodically released from 
the centres of some nearby galaxies. 
Studying our galactic centre or 
nucleus, which is about 70 times 
closer to us than any other galac¬ 
tic nucleii. will help in understan¬ 
ding not only the mechanisms 
responsible for the release of matter 
and energy but also the evolution of 
galaxies. It is also being increasingly 
felt that a black hole, that elusive 
heavenly object, supermassivc and 
intriguing in all aspects, is present al 
our galactic centre. Studying the 
galactic centre would mean stud¬ 
ying the various characteristics of 
a black hole which are of fundamen¬ 
tal importance. Besides the centre 
is also as good as an astronomical 
zoo. It contains almost all astro¬ 
nomical objects hitherto discovered, 
namely, various types of stars, 
gaseous nebula, neutron stars, etc. 

Until 1930s nothing was known 
about the galactic centre because 
it is behind a curtain of dust clouds. 
It was only after Karl Jansky lis¬ 
tened in on to some radio hiss cotn- 
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ing straight from the galactic 
centre that researches began in that 
direction. Study of the galactic 
centre was made over a wide range of 
radio waves, but many gaps in the 
knowledge remained unplugged as 
research continued, and the need 
for a new tool for exploring it 
further was increasingly felt. In the 
60s and 70s, infrared astronomy 
began to assume importance, and 


in no time infrared rays coming 
from the galactic centre came under 
scrutiny. Today, the need for more 
powerful infrared telescopes is still 
felt as the centre reveals many 
interesting aspects which need fur¬ 
ther detailed observations. However, 
to a large extent the picture of the 
centre of the galaxy is clear. 

Instead of considering the galac¬ 
tic centre vaguely without any 
assigned boundary, consider only 
its central parsec. A parsec is an 
astronomical unit of measuring 
length. In the night sky, the central 
parsec of the galaxy is of the size 
of a medium-si/ed crater of moon. 
Otherwise, it is about 3.26 lightycars 
(one lightyear=9.46 x 10*^ meter) in 
diameter, which is about the dist¬ 
ance between sun and the nearest 
star. It is in the Sagittarius constella¬ 
tion. The central parsec contains at 
its centre a strong radio source, 
called Sagittarius A, which has 
further been found to contain a 
group of sources, of which Sagittarius 
A West is the most powerful. 

By studying the central parsec 
at various radio and infrared wave¬ 
lengths, various discoveries have been 



A diagrammatic view of the centre of oar galaxy Milky Way^ about three parsecs 
across, la the centre k the postulated black bole; varied patches are of interstellar 
gas and dust; big round spots are red giants, and in the bnckgronnd are the 
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made. It has been found that it 
contains about 2 million stars, 
clouds of ionised gases, red giant stars, 
besides cold interstellar dust. In 

other words, the varied radiation 

coming from the central parsec is 

not of one source but many, some 
strong and thus recognisable, and 
others weak and undetectable. It 

has been found that the ionised gases 
are in rapid motion, whether turbu¬ 
lent or organised is not known. 
However, on the whole the gases 
rotate about an axis, which is surp- 
ringly perpendicular to that of the 
rotation of the mam galactic disk 
{SciefUiOc Anicrir/in July 79). It 
IS believed that this overall rotation 
mu'it also be of other obfects present 
in the central parsec. Sneed of rota¬ 
tion is quite high, about 10,000 years 
per round about the centre of the 
galaxy as compared to sun's 200 
million years. 

From the rotation rate of the 
central parsec and other considera¬ 
tions, mass of the central parsec 
has been estimated. So also 

masses of stars of all types 
and dust and gases present in the 
parsec have been estimated. It has 
been found that of the total 5 to 8 
million solar masses (one sun's masses) 
of the central parsec, stars' amount 
to 2 million solar masses and dust 
only about 10 solar masses. Question 
that faces astronomers is : what 
has happened to the remaining 3 to 
6 million solar masses of the central 
parsec? Is it the proverbial missing 
matter in the galaxy or an error in 
calculations? 

All things considered, astrono¬ 
mers have now begun to feel that the 
huge mass is of nothing else but a 
black hole embedded at the centre 
of the galaxy. For instance, the low 
ionisation state in which the gases 
are found in the central parses can 
only be accounted for by a radiating 
black hole. Also, velocities of gases 
tend to increase toward ihc centre 
in the central parsec, w^hich is also 
not possible without the existence 


of a highly dense core, such as that 
of a black liole at the centre. A 
black hole would swallow incom¬ 
ing material, such as stellar winds, 
planetary nebulas, and debris of 
colliding stars, from the surround¬ 
ings and store it in form of a 
rotating disk about itself. 

The evidence for the presence of 
the black hole is not yet conclusive, 


and the contemporary astronomesr 
arc working in this direction. They 
are eagerly awaiting the comple¬ 
tion of the Very Large Array Radio 
facility near Socorro, U.S.A., which 
would throw more light on the 
central parsec through its more 
powerful eyes. 

Dilip M. Salwi 


Fuel cells—the novel power 
generators 


GST of the electrical energy 
used today is generated by alter¬ 
nators at steam turbines. The steam 
is produced by burning fossil fuels 
(coal or hydrocarbons), or by 
nuclear fission. The chemical energy 
of a reaction of interaction of an 
oxidizer (the oxygen of the air) and 
a reducer (fuel) is also utilised for 
the production of elecrical energy at 
heat power plants. In all these cases, 
however, the conversion of energy 
follows a complicated path, the 
chemical energy is first of all 
transformed into heat, then into 
mechanical energy and only 
then into electrical energy. The 
maximum electrical work attained in 
such a conversion is determined by 
the heat of reaction (0p --/\H). 

T, 

Efficiency losses also take place 
at every stage. The Carnot cycle shows 
that the tlicrmal efficiency of any 
heat engine is limited to E, where 

E -- 

Tt 

Ta and Tj being the temperatures 
in degrees kelvin, at which heat is 
supplied to, and rejected by, the sys¬ 
tem. In practice, upper temperatures 


are limited to about (773K), 

lower temperatures are at least 3G'^C 
(303K) and efficiencies are limited to 
a maximum of 60 per cent. Indeed 
most modern; large power stations 
are able to achieve only 38 per cent 
to 40 per cent efficiency. For this 
reason scientists have been tryirg to 
create devices for the direct conver¬ 
sion of chemical i nto electric al energy. 

This requires the development of 
galvanic cells, in which the reactions 
of oxidation of the fuel and reduction 
of oxygen proceed electrochemically. 
The initial attempts to fabricate such 
fuel cells were not successful owing 
to the very low rate of the reaction 
of electrochemical oxidation of the 
usual kinds of fuel. Only in the last 
few years, as a result of employ¬ 
ment of various catalysts and im¬ 
proving the design of the cells did 
scientists succeed in creating the first 
satisfactorily functioning laboratory 
model of the fuel cells using gaseous 
fuel. 

Fuel cells convert fuel directly 
into electrical energy by an electro¬ 
chemical route which is not limited 
by the Carnot cycle. Cells being 
developed range from 1 Kilowatt to 
2 Kilowatts to several megawatts, 
because their efficiency is not related 
to size. In contrast to batteries, the 
cells generate power rather than 
store it, and continue to do so as long 
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an a Tucl supply is maintained; there 
is no recharging cycle. The high 
thermal cfllciciicy and low environ¬ 
mental pollution characteristics of 
this novel power source arc likely to 
increase its generating capacity 
for both peak and intermediate 
applications. 

The simplest fuel cells run on 
hydrogen and oxygen; their opera¬ 
tion is the converse of the electroly¬ 
sis of water. ThiselTect was discovered 
in 1839 by Sir William Grove, who 
found that electrolysis between 
platinum electrodes could be reversed, 
with the consequent geneiation of 
electric current and production of 
water. 

The simple unit cell consists of 
two electrodes, one of which is suppli¬ 
ed with hydrogen (the anode) and the 
other with oxygen (the cathode). 
These electrodes are made electrically 
conducting and porous so that gases 
<^an diffuse through them. Ektween 
the electrode pair is an electrolyte, 
usually a strong acid or alkali. The 
purpose of this is to prevent mixing 
of the molecular gases fed to the 


electrodes, while permitting charged 
chemical species (ions) to pass from 
one electrode to the other carrying 
an electrical current. Connecting an 
external load across the electrodes 
completes a circuit, the passage of 
electrons through the load resistance 
constituting the work done by the 
cell. Such a cell can be symbolized 
as follows 


C-)(Ni)H/KOH(30%-40-};,V,O./Ni)(-t) 


or 

acid 


During operation of the cell, the 
following electrode reactions pro¬ 
ceed : 


For alkali electrolyte : 

2H,-l“40H^ 4HgO4 4 e' (at anode) 
02 +2H20+4e' 40H' (at cathode) 

For an acid electrolyte 
2H, 4 H+ + 4 e' (at anode) 

0,+ 4H++4e' 2H80 (at the 

cathode'l 

The summary reaction is 
2H,+0,-^2H,0 (Iq) 


Current is carried through the elec¬ 
trolyte between the electrodes by the 
positively charged protons (H"^) or 
hydroxyl ions and round the 

external load by the electrons (e'). 

Considering the thermodynamics 
of the system for a cell with no cur¬ 
rent flowing, that is, at reversible 
equilibrium, it may be shown that 
the standard free energy change 
related to the standard elec¬ 
tromotive force (£') by the relation- 
shi p 

where n is the number of elec¬ 
trons involved, and F is the Faraday 
constant or96,500 coulombs per equi¬ 
valent . The standard free energy for 
the chemical reaction forming water 
is —113.38 K cal mol. of oxygen 
consumed, and I calorie is 4.18 
joules. Hence, for the hydrogen 
-oxygen fuel cell the standard ther¬ 
modynamic reversible potential at 
25®C is 1.229 volts and it is indepen¬ 
dent of the composition of the elec¬ 
trolyte solution. 
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During the discharge of a hydro¬ 
gen-oxygen cell.thc voltage is within 
0.7V-0.9V dependingupon the density 
of the discharge current on the elec¬ 
trodes (in the best designs of cells 
the current density reaches 200- 
300mA/cm*). 

In practice, the reversible poten¬ 
tial is rarely attained due to the pre¬ 
sence of trace impurities and side 
reactions such as peroxide formation 
mainly at the oxygen electrode. 

Practical fuel cells 

Pairs of cells are connected in 
scries forming stacks in order lo get 
useful voltages. These are normally 
flat, packed back to back in a classi¬ 
cal filter press configuration. For 
collecting current and uniform dis¬ 
tribution of gay over the electrode 
surfaces, these may be supported by 
channelled backing plates. Reactant 
supplies are normally maintained 
higher than stoichiometric, that is^ 
greater than is consumed in the reac¬ 
tion, the excess gases carry away heat, 
water and trace impurities. 

A compromise between heat re¬ 
moval , electrode activity and corro¬ 
sion rate is usually achieved by ope¬ 
rating the alkaline and acid cells 
between temperatures. of 50'’C and 
250“C. To develop commercially 
viable power sources air is to be used 
as oxidant and anodes are to be to¬ 
lerant of impure fuels, while still 
maintaining an adequate life time. 
Operation on air demands the use of 
acid electrolyte to avoid carbonation 
problems from atmospheric carbon- 
dioxide. Phosphoric acid is used, des¬ 
pite its relatively low conductivity 
cad highly corrosive properties, in 
preference to other acids which are 
mostly unstable in a fuel cell environ¬ 
ment. 

Alternative electrolytes under 
evaluation include halogenated sul- 
phonic acids such as trifluorome thane 
sulphonicicidfTFMSA). Solid poly¬ 
mer electrolyses have also been wide¬ 
ly used Noble metal catalysts have 


now been accepted as being the best 
choice, although other systems, such 
as tungsten carbide, have also been 
evaluated. 

Fuel cells workable at high tem¬ 
peratures can be divided into those 
employing molten carbonate elec¬ 
trolytes and operate at about 600°C 
to 700‘'C, and solid electrolyte types 
operating at above lOOC^C. Molten 
carbonate cells rely on high tem¬ 
perature to enhance reaction rates 
and thereby decrease electrode pola¬ 
risation. Carbonate mixtures such as 
lithium and potassium are used, 
because other species such as hydro¬ 
xides, chlorides, nitrates and sulpha¬ 
tes donot give an acceptable com¬ 
bination of conductivity and stability 
in the molten state. 

Most of the systems envisaged 
involve production of hydrogen from 
hydrocarbons or coal by an external 
reformer to yield hydrogcn/carbon 
dioxide mixtures which are fed to the 
anode. 

iCOj+e' 

(anode reaction) 

-H. ICO3" 

(cathode reai.tion) 

The combusted anode gas is then 
enriched with air and fed to cathode 
where it replaces the carbonate ion 
in the electrolyte. 

Certain oxide materials exhibit 
solid state electrical condu;:tivily at 
temperatures of about I0(X>°C. The 
most widely studied solid electrolytes 
are based on zirconia. This material 
is stable as the monoclinic form at 
room temperature and is transfor¬ 
med into the tetragonal form at 
11 50“C, accompanied by a 9 per cent 
volume contraction. The fue^ gene¬ 
rally used are hydrogen and oxygen, 
thus 

H 24 O' H,0-l-2e' 

(anode reaction) 

O 2+4 e' 2 [O'] 

('cathode reaction). 


In this case oxide ions [O"^] act 
as the current carry ing species in the 
electrolyte. If the oxygen content 
becomes depleted during cell opera¬ 
tion, the material may become a 
semiconductor, resulting in a loss of 
cell efficiency. 

Methanol cells 

Methanol is the most promising 
fuel for low power terrestrial appli¬ 
cations such as vehicle traction and 
portable generators. It is easily trans¬ 
portable and stored, and is available 
in bulk. It can be clcctrochemically 
oxidised to carbon dioxide and water, 
the thermodynamically reversible 
potential being J .20 Volts. 

Direct methanol cells, where the 
fuel is dissolved in the electrolyte, 
have improved mass transfer charac¬ 
teristics compared with gas diffusion 
electrode types. Unfortunately, me¬ 
thanol also diffuses to the cathode 
and is chemically oxidised, but this 
can be prevented if a scmipermcablc 
membrane is imposed between the 
anode and cathode. 

The first fuel cell applications for 
motor vehicles are likely to be for 
methanol fuelled units for public 
utility transport. 

At present the development of fuel 
cells is stiU in its initial stage. 

In principle^the possibility of us¬ 
ing certain kinds of fuel in such cells 
and the conversion of its chemical 
energy into electrical energy with a 
practical efTciency upto 75%-90% 
has been proved. Because of their 
low pollutant emmissions and silent 
operation, these fuel cells could be 
located close to the centres of popu¬ 
lation, eliminating a high proportion 
of power transmission costs. That is 
why it has been predicted that in 
future electric power utilities will 
use nuclear or fossil fuel base load 
generators, running continuously at 
full load and optimum efliciency. 
These will be supplemented by fuel 
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cell generators capable of providing 
the bulk of intermediate and p>eak 
power requirements; thus utilising 
their ability to operate efficiently at 
part load. 


S CLEROGLDCAN is an extra¬ 
cellular fungal polysaccharide. It 
is secreted by the mycelia of some 
fungi, notably by species of the genus 
Sclerotium (c.g., Sckrotium 
canicimi). The physical properties of 
sclcroglucan are comparable with 
that of industrially important bac¬ 
terial polysaccharides and it^thus 
serves as an important industrial 
gum. Its potential industrial impor¬ 
tance as gum was fir^t recognised in 
1967* since then it has been rapidly 
commercialised. 

Production 

Scleroglucan is produced by aero¬ 
bic fermentation of D-glucose by 
a selected species of Sclerotium 
fungi. The fermentation is allowed 
to proceed at 30‘*C in a medium 
containing D-gluCose, corn steep 
liquor, nitrate (as nitrogen source) 
and mineral salts. The initial pH 
of the fermentation medium is ad¬ 
justed to 4.5. When fermentation is 
completed (requires about 60 hours), 
the pH drops to 2. The polysac¬ 
charide so produced is present as 
capsule round the mycelium and is 
largely immiscible with water. 

The final fermentation liquor is 
heated to inactivate polysaccharide 
degrading enzyme and to kill the 
fungus which is a plant pathogen. 
Then the liquor is homogenised 
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to disintegrate the gum from the 
mycelium. For industrial applications 
that can tolerate residual mycelium, 
nutrients, and metabolites spray 
drying the homogenised fermenta¬ 
tion liquor provide a satisfactory 
product. But for special purposes 
(i.e., use in food, drug and cosmetics) 
the product is refined by filtration and 
precipitated with alcohol. 

The homogenised fermentation 
liquor is extremely viscous and is 
diluted before ft It ration. The diluted 
solution isfiltered by applying pressure 
to remove mycelium and other par¬ 
ticulate matter. The clear filtrate is 
concentrated and the polysaccharide 
is precipitated by the addition of 
2 -propanol or methanol. The fib¬ 


rous precipitate obtained is dried 
and ground to a powder. 

Structure 

Scleroglucan is a neutral D- 
glucan (polysaccharide made up of 
D-glucose residues). It contains a 
linear chain of /?-D-glucopyranosyl 
units joined through (13) glycosidic 
linkages in which every third glucose 
residue carries a branch of single 
p-D-glucopyranosyl residue at C#. 
The repeating unit of scleroglucan is 
shown in Fig. 1. 

The polysaccharide has a degree 
of polymerisation (D) ranging 
from 110 to ! 600 (molecular weight 
17,000 to 2,59,000) depending upon 
the type of fungus used for its 
production. Scleroglucan used for 
commercial purposes has a DP of 
^ 800 (molecular weight 1,09,600). 

Physical properties 

Scleroglucan disperses easily in 
water to give a highly viscous solution. 
The viscosity of aqueous solution 
is relatively independent of tempe¬ 
rature over a wide range (between 
10*Cto I20T) and of pH (I to 10). 
It possesses a high degree of pseu¬ 
doplasticity (decrease in viscosity 
as the shear rate increases) and has 
an excellent suspending ability. (Even 
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in 0.1% to 0.2% concentrations it benzyl, cyanomethyl ethers, and ace- D. Channe Gowda 

etfcctivly stabilises 5%to 10% aqueous tate, benzoate, sulphate esters have Peptf, of P. C, Studies & Res. in 
suspension of a fine powder). It is been prepared. The industrial appli- Chemistry 

compatible with a wide variety of cations of these products are still Univ. of Mysore 

electrolytes (mono-and poly-valent to be exploited. Mysore-S70 007 

Cations and anions) in moderate .. 
to high concentrations. Aqueous 
* solutions of the gum on evaporation 
gives strong films which when plasti- 

cised with glycerol remain tough and RCgUlation Of blOlOgiCal 

pliable indefinitely. Solutions and ® ^ 

gels of the gum arc tacitly distinctive - - nitrogen fixation 

they are neither slimy nor sticky. 

Physiology TVlTROGFN is an essential con- by DNA dependent RN A polymerase. 

stituent of all living organisms. This mRNA is translated on ribo- 
Scleroglucan undergoes metabo- Unfortunately, nitrogen gas which somes and results in production of 
lism in the body when fed to animals forms 80^*„ of our atmosphere is nitrogenasc. Nitrogenase enzyme has 
and possesses a caloric value equi- one of the inert gases and cannot be two sub-units, one an iron contain- 
valent to starch. Feeding studies directly used by plants and animals. ing protein and the other iron and 
with experimental animals have It has to be reduced to ammonia molybdenum containing protein, 
indicated that it causes no toxicity, and subsequently converted into other Separate mRNA’s are produced for 
adverse reactions, blood abnor- compounds before it can be used by synthesis of each of the protein sub- 
malities or sensitisation. It reduces plants and animals. This reduction unHs. After the synthesis they come 
the level of cholesterol in the blood of nitrogen to ammonia is accompli- together and active nitrogenase enzyme 
and increases excretion of lipids. shed by few species of microorganisms complex is formed. The triggering ‘on’ 

wh'ch can produce enzyme ‘nitro- or ‘off’ of the ‘nif’ genes is regulated 
Uses genase’. This process is known as by various factors in the cell, 

‘biological nitrogen fixation’. Ammonium, being an end pro- 

Scleroglucan has a wide range This cn/ymatic reduction of duct of nitrogen fixation, has to be 

of industrial and non-industrial nitrogen to ammonia essentially needs used up immediately through trans- 
uses. It is used in secondary oil energy reducing power (electrons) amination; otherwiscjthe accumula- 
rccovery, drilling muds, paper-coat- and proceeds under anaerobic or tion of ammonium represses the 
ings, printing inks, porcelain and reduced oxygen pressure conditions. nitrogenase synthesis and affects the 
ceramic glazes, extruded refractory The ammonia formed is further nitrogenasc activity loo. This proba- 
products, integrated circuit chips, transaminated into intermediates of bly gave a hint to the researchers that 
insulators, pesticide and defoliant the TCA cycle to form amino acids the enzymes responsible for ammo- 
sprays, agriculture seed coatings, which^in turn^are used for building nium assimilation may be playing a 
and as liquid animal feed concentra- protein units. role in regulating nitrogenasc syn- 

tes, as a source of gentibiose (a The different processes that arc thesis. Thus glutamine synthetase, an 

disaccharide), and as a ceramic taking place in a bacterial cell must ammonium assimilating enzyme, has 

binder. proceed in an orderly sequence and been suggested as a regulator for 

In pharmaceutical industry, scle- in a balanced way. All these processes enzyme nitrogenase. The mutants of 
roglucan is used in tablet coatings, arc interrelated and precisely regula- Klebsiella pneumoniae lacking glut- 
ophthalmic solutions, injectable anti- ted through control mechanism, amine synthetase did not exhibit 
biotic suspensions, anti-acid sus- Since nitrogen fixation is one of these nitrogenase activity. "When these 
pensions and in calamine lotion. In processes^it is also under a regula- mutants were mated with K. pneu^ 

cosmetic industry it is used in hair tory mechanism. moniae strains, capable of synthesiz- 

sprays, hand lotions and antisoilant An operon (a set of genes called ing glutamine synthetasethe mutants 
skin coatings. In food industry, ‘nif’ genes, now termed as ‘rcgulon’ regained the ability to synthesize 
scieroglucan finds use as^ bodying, since genes are scattered) in the cell glutamine synthetase. Simulta- 
suspending and gelling agent. is responsible for synthesis of nitro- ncously^the capacity to synthesize 

A number of scieroglucan driva- genase. This gene is transcribed nitrogenase was also exhibited, 
nvcjs such as methyl, carboxymethyl, firstintoa mRNA (messenger RNA) It is interesting to note that the 
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increasing amounts of nitrogen added 
to the medium repress the nitro- 
genase activity. It is logical to think 
that when nitrogen is already availa¬ 
ble why should the organisms fix 
it. The different metabolic processes 
in the biological system are highly 
regulated to conserve energy. 1 he 
transcription and translation of nitro- 
genase and nitrogen fixation process¬ 
es are energy consuming ones. Obvi¬ 
ously they are prevented from 
happening when nitrogen is made 
available to the organisms. 

Experiments further provide the 
evidence for the mode of action of 
nitrogen on nitrogenase synthesis 
activity. We have glutamate dehydro¬ 
genase which is also an enzyme of 
ammonium assimilation pathway. 
Glutamine synthetase performs 
assimilation of ammonium when 
ammonium concentration is very low 
and needs energy input (ATP) for 
its assimilation reaction. Glutamate 
dehydrogenase performs ammonium 
assimilation when ammonium con¬ 
centration is higli and does not need 
energy input (ATP) for its reaction. 
When wc supply nitrogen, the nitro¬ 
gen concentration in the cell goes up 
and the organisms prefer to assimilate 
the nitrogen by glutamate dehydro¬ 
genase pathway Thus ATP which 
is needed for glutamine synthetase 
reaction is conserved This occurs by 
the induction of enzyme glutamate 
dehydrogenase which upon synthesis 
represses the synthesis of glutamine 
synthetase. Since glutamine syn¬ 
thetase is needed for nitrogen 
fixation, it does not take 
place when glutamine synthetase is 
repressed. Whether glutamine syn- 
'hetase is required for initiation of 
nitrogenase synthesis or for nitro¬ 
genase activity is still not clear. As 
per Stricher’s hypothesis this may 
bind to the regulatory site of the 
nif gene and initiate the transcip- 
t ion of nitrogenase but the experimen¬ 
tal evidence for the same is yet to be 
provided. 

It is thus clear that the concenua- 


tion of nitrogen is also important. 
Glutamate dehydrogenase is only 
synthesized when nitrogen concentra¬ 
tion is high. Probably the minimum 
threshold concentration is not at all 
reached inmitrogen fixing organisms 
so that glutamate dehydrogenase 
induction does not take place at all. 
Since accumulation of animonical 
nitrogen is very Kvo, glu^mine 
synthetase performs the assimila- 
tory function. Whenever nitrogen 
concentration increases due to addi¬ 
tion of nitrogenous compounds re¬ 
pression takes place. Thus the effect 
of nitrogen addition on nitrogen 
fixation may be possible through 
glutamine synthetase. 

Suppose nitrogenase synthesis is 
shut off by adding mineral nitrogen, 
what will happen to the nitrogenase 
enzyme already synthesized and 
participating in nitrogen fixation? 


^HE plant Ginkgo bi/oba has 
^ probably existed on earth longer 
than any other known tree that 
now living. This is the only surviving 
species of a once widely distributed 
group of gymnospermous plants, 
now found niostly as fossils. It is 
the only representative of the group 
of plants that fossil remains show 
extended back 200 million years into 
the Triassic or even Permian periods, 
when great dinosaurs roamed the 
earth. Darwin called it a “Living 
fossil”; it has persisted on this earth 
for about 150 million years without 
experiencing any evolutionary chan¬ 
ges, keeping a link with its extinct 
ancestors of millions of years ago. 
Girkgo bilobCy is the only living 
member of the order Ginkgoales, 
family Ginkgoaceae and the genus 
Ginkgo, Fossil records indicate that 
there may have at one time been about 


Will it go on fixing nitrogen even 
in the presence of nitrogen*' Ex¬ 
perimental results provide the 
answers. When nitrogen is added, 
the nitrogenase already present in the 
cell undergoes denaturation similar 
to that of oxygen damage. Since 
nitrogenase is sensitive to oxygen, 
(nitrogen fixation is an anaerobic 
process) when exposed to oxygen it 
undergoes denaturation and loses the 
capacity to fix nitrogen. This denatu¬ 
ration of nitrogenase enzyme caused 
both by addition of nitrogen and by 
exposing to oxygen are alike. This 
has been confirmed by X-ray 
crystallographic studies. 

A. MANjrNxni 
S. V. Hegde 
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50 specie^ of this genus Some of 
them are known to have existed in 
other parts of the world including 
Australia, England, Japan and 
America. 

Ginkgo still retains the'swimming^ 
male gametes beanng fine threads 
called cilia characteristic of primitive 
plants like ferns, and which probably 
characterized all of the Paleozoic 
(200-500 million years ago) seed 
plants. (In modern day flowering 
plants, the male gametes are passive 
and without cilia.) Its wood shows a 
type of tissue that has probably 
existed since the Devonian (300 
million years ago) period 

The plant was first studied in 
Japan in 1690 by a European who 
proposed the generic name Ginkgo, 
The word was derived from the name 
of a favourite food in China, made of 
the enveloping pulp of the fruit 


Ginkgo—the living fossil 
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hiig. 1. Two Ginkgo bihba trees during winter 


.ulled pai-kiw or yin-kuo (whence 
the name Ginkgo), However^ the 
earliest mention in Chinese literature 
was in the eighth century A. D. 

I \olufion and di’-tributlon 

\ he group trees to which 
w ikgo hiloba belongs evolved from 
' eient seed ferns during Permian 
' , es (200 million years ago). Appa- 
c'li ly, trees of (his genus have existed 
I !•. e the late Triassic or earliest 
assic period (180 million years 
. o). During the Tertiary (50 mil- 
:i(?n years ago) and Quaternary 
! million ycais ago) periods, there 
ic great upheavals on the earth 
!lowed by an icc age, which des- 
-ved the Ginfgo trees and other 
.kgoales in most parts of the 
* ‘Id. The,^dv^tr 4 Ction was least 
-.iSl Asian countries like China, 

^ )'an and Korea, and probably 
I of the Ginkgo trees known today 
.ame from this part of the world, 
It IS doubtful whether a natural 
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stand of Ginkgo trees can be found 
anywhere in the world today. The 
last native home of Ginkgo was 
probably China. Some botanists be¬ 
lieve, there is evidence of its conti¬ 
nued existence in South-eastern China 
since the Permian. 

Religious people in China culti¬ 
vated this tree in temples and monas- 
try; it is because of this practice 
that we still have the plant sur¬ 
viving today. Besides China, it is 
now cultivated as an ornamental in 
Japan, United States and Europe. 
In India it was introduced possibly 
in the beginning of the present 
century, and there are several 
Ginkgo plants in a few gardens. 
The municipal garden at Mussoorie 
has two male trees; Forest Research 
Institute, Dehra Dun has six; 

Harbanswala, Dehra Dun, three 
(one of them produces fruits); the 
Government House, Nainital one fe¬ 
male tree; the Botanic Garden, 
Darjeeling,one; and the Ootacamuiid 
Botanical Garden, a few trees. At 
the Company Bagh, Amritsar there 
were two female trees, but they 

were reportedly destroyed by natural 
calamities. The tree does not 

thrive in the plains of India, but does 
well on hills at an elevation of 1500 m. 
So far trees grown in India have' 
failed to attain their normal size 
and have seldom produced fruits. 

Main features of the plant 

Ginkgo bihba is a deciduous 

tree; young leaves appear each spring 
(Figs. 1 and 2). The tree can reach 
30m or morein height, bearing grace¬ 
ful branches and broad leaves. Young 
trees are usually cone-shaped (Fig. 3), 
but older ones become more 
rounded. The leaves are quite dis¬ 
tinctive. They possess a relatively 
long petiole and an extremely flat¬ 
tened wedge-shaped blade. The blade 
is usually notched in the centre 
forming two roughly equal lobes, 
hence the species name bihba. The 
leaves have characteristic parallel 

i9n 


venation and resemble the leaves 
of the maidenhair fern {Adiantum 
spp.). For this reason the tree is 
also called “maidenhair tree.” The 
plant can be either male or female; 
the former bears naked male flowers 
in catkin like inflorescence and the 
latter naked female flowers (ovules), 
which are usually two in number 
(Fig. 4). The fruit is drupe-like and 
foul smelling. The plant is usually 
propagated by ^cuttings. Treatment 
with plant hormones like auxin helps 
in rooting. 

Relevance to man 

Ginkgo is famous simply for its 
graceful ornamental form. There 
arc several cultivated varieties, e.g., 
variegata of yellow streaked leaves, 
pendula of the weeping form, etc. 
The dwarfs are widely raised in 
China. The Japanese once believed 
that it exudes water during fire. 



Fig. 2, The same trees during spring 
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Fig. 3. A female shoot of Ginkgo biloba with mature ovules. (Photo courtesy: K. M. Vald) 


This belief was suggested by the fact 
that Ginkgo is more resistant to fire 
than many other trees. It can with¬ 
stand atmospheric pollution, and 
many cities of (he world are now 
using the species in parks and road¬ 
sides. C«ty planners have succeeded 
in brightening New York City, 
Washington and other cities where 
millions of people live and work 
with this handsome tree. In our 
large cities like Calcutta, Bombay, 
Madras and New Delhi, Ginkgo 
biloba would be very helplul in 
checking air pollution as well as in 
beautifying the streets, if it is planted 
in large numbers. Horticulturists 
have recently voted it to be one of the 
eleven most beautiful trees in the 
v^orld. While cities abroad are 
planting it in plenty we count them 
in fingers. For planting on road¬ 
sides male trees are preferred, be¬ 
cause the females emit bad smell at 
the time of fruiting. The tree is 
almost free of insects and pests, 
it grows to large size and produces 
a valuable evengrained wood, which 
IS used in China and Japan for making 
chessboards and toys. ITie wood 
^Iso burirs well as a fticl. These 


facts suggest that it could become a 
valuable forest tree. However, for 
a number of reasons, it has not yet 
been tested in forestry. 

Ginkgo seeds contain kernels 
which are eaten in China, particularly 
at wedding. Jt contains sucrose, 
starch, protein, fat, fibre and a ste¬ 
rol. The globulin of the kernel, 
accounting for 60 per cent of the total 
nitrogen, is rich in amino acid 
tryptophan. If eaten raw, seeds are 
mildly poisonous and may cause a 
skin rash. The seeds are also reported 
to be used in China for washing 
cloth; a detergent cosmetic is pre¬ 
pared by digesting the seeds in wine 
or oil. 

One may wonder why the Ginkgo 
has remained unchanged over so 
many rriillions of years. Of course, 
it must have been eminently suited 
to the environment in which it found 
itself, for otherwise it would have 
died out or would have changed. 

We know that evolution occurs 
largely through mutation (i.e., heri¬ 
table changes) in the genetic material 
DNA. These changes can occur by 
physical or chemical agents. X-rays 
arc particularly effective in produ- 
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cing mutations of genes. Nalural 
radiation from cosmic rays and 
from radioactive substances m I he 
soil produce mutations. It was 
previously thought that the chro¬ 
mosomes and genes of Ginkgo 
biloba might be resistant to mutation 
by radiations. But this is not true. 
A. H. Sparrow of the Brookhaven 
National Laboratory, U.S.A., has 
found that this plant is as sensitive to 
radiation as arc other gymnosper- 
mous plants. But while both radia¬ 
tion and chemical mutagens are 
undoubtedly capable of Causing mu¬ 
tations of thegenesof Ginkgo biloba^ 
the importance of these changes is 
kept to a minimum by the rather 
long time gap from one generation 
to the next. Ginkgo does not begin 
to reproduce until it is more than 
20 years old, but it continues to re¬ 
produce upto age of over 1000 
years. As a result, it has very much 
less chance of changing its character¬ 
istics than other planes, for most 
plants have a shorter reproductive 
period. 

Ginkgo is reputed to be compIetcl> 
resistant to all serious pests and 
insect diseases and to have a high 
tolerance to city smoke and indus¬ 
trial fumes, it can grow well under a 
variety of situations. It has been 
shown to be resistant to fire also. 
1 he inheritance that provides 
Ginkgo with fire resistance has appa¬ 
rently provided it with the ability 
to resist the environmental pressures 
that would have through the centuri¬ 
es made it extinct. The plant has also 
been found to be resistant to cer¬ 
tain viral, bacterial and fungal dis- 
seases. So it seems that all these 
factors which contribute to such 
resistance and tolerance might be 
at least part of the explanation for 
such a high longevity of Ginkgo. 

Md S. Hoque 
Research Officer 
Forest Genetics Branch 
Forest Research Institute 
Dchra Dun-'GHO^ 
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Ultrasonic pregnancy detection 
in the small domestic animals 


I N small domestic animals, it 
is hard to diagnose pregnancy. 
Theii reproductive system cannot 
be examined easily. With the 
success of ultrasonic devices in detec¬ 
tion of pregnancy in woman, similar 
instruments have also been developed 
for use in small domestic animals. 
Such instruments arc gaining popular¬ 
ity, particularly, among pig farmers 
in western countries. Accuracy to 
the extent of 95 per cent has been 
achieved in detecting pregnancy in 
gilts and sows with 30 days preg¬ 
nancy and more by the use of ultra¬ 
sonic devices. 

Principle of ultrasonic detectors 

An ultrasonic pregnancy detector 
generates a narrow beam of high 
frequency sound which, on coming 
in contact with the body, is reflected 
by various muscle layers and organs 
filled with fluid. The sound wave 
reflections, known as echoes, are 
displayed on a television-likc screen 
in the instrument as vertical lines or 
.spikes. The screen is divided into 
three zones, namely, left, middle and 
right zones. The distance from 
the probe to the object (the organ) 
reflecting the high frequency sound 
is proportional to the position of 
the spike in the screen. The ultra¬ 
sonic pregnancy detector diagnoses 
pregnancy by detecting fluid in the 
uterus. 

Instruments 

The types of instrument are at 
present available in the market. 
One type which is shock-free, light 
weight (2.8 kg) and handy (21x25x8 
cm) delects pregnancy at a very 


early stage(FigJ). The instrument 
possesses an on-off switch, indicator 
lamp, tone switch, sensitivity con¬ 
trol, function selector and a probe 
connector socket. The instru¬ 
ment requires 30 seconds to ‘warm 
up’ when the indicator lamp and the 
television-likc screen glow up, sugges¬ 
ting that the instrument is ready for 
use. The function selector switch 
is set for the desired function, i.e., 
for backfat thickness, sow pregnancy 
detection, cow/mare pregnancy detec¬ 
tion or loin thickness. The sensitivity 
control switch helps adjust signal for 
best reading and sell from minimum to 
maximum sensitivity, with nine grada¬ 
tions. The abrasion resistant display 
window on the instrument is equip¬ 
ped with a scale for measuring back- 
fat and loin thickness. The tone 
switch functions for auditory signals 
whenever desired. An audible 
signal is heard when an echo of at 


least 1.8 cm occurs in the right zone 
of the screen. The detector probe is 
detachable from the probe connec¬ 
tor socket This is a battery opera¬ 
ted instrument and the battery has 
a normal life of 1000 complete 
discharge cycles. Recharging of the 
battery requires 16 hours for full 
charge. When fully charged the unit 
operates for about 11 hours. One 
unit approximately costs Rs. 13,000/-. 

The second type of instrument is 
a low cost ultrasonic pregnancy 
detector for swine and sheep (Fig. 2). 
It is made of heavy guage aluminium 
and weighs about 0.45 kg and meas¬ 
ures 4.5 x6x 15 cm. It is battery 
operated and supplies power enough 
for whole day operation on full 
charging. This is equipped with a 
probe and delivers auditory signal 
only. It cost$ about Rs. 40(X)/-, 

Operation of the Instrument 

Switch the instrument on. When 
the indicator lamp glows, wait until 
the screen displays light with divided 
baseline in three zones and a vertical 
line along the left hand side. Set 
the function selector switch for the 
purpose and adjust the sensitivity 



FIs. 1. Operating controls of prcgalcrt 


SCIENCE 


192 


MARCH 1980 











Fig. 2. Fregtone 


the i*creeri. When ihe signals appeal 
in all the three zones, it is suggestive 
a very high setting of sensitivity 
control. 

Whenever the animal is pregnant, 
a spike will occur in the middle or 
right (third) zone of the screen toge¬ 
ther with a sound tone signal. 

Other uses 


Fig. 3. Poftiflon uf the prubc for detecdoo 
of pregnancy 


control in the middle. Smear the 
probe of the instrument and the 
shaved part of body where probe is 
to be placed, with adequate amount 
of mineral oil. The use of mineral oil 
eliminates air resistance and provides 
a low resistance pathway for sound 
waves to travel from the end of probe 
into the body of the animal. The 
probe has to be placed from 2.5 cm 
to 5 cm in front of the flank, halfway 
between hairline and the teat-line 
of the animal (Fig. 3). The probe is 
directed towards a point 1.25 cm 
away from the backbone on the 
opposite side and is firmly pressed 
without distorting the abdominal wall. 

Pregnancy is indicated by a 
signal (spike/echo) appearing in 
right or third zone of the screen. The 
height of the spike is dependent upon 
the sensitivity control setting, fluid 
wetting of the skin and the size of 
the animal and thus is not important. 
A spike of about 1.8 cm heigh in the 
third zone, however, is essential in 
order to trigger the sound tone signal. 
The sound tone features of the in- 
‘rument is helpful in that the 
M’cr.'^tor need not continuously watch 


1 able i. Ultrasonic pregnancy 
diagnosis 


^pecie.^ 

Time when the 

pregnancy can he 
diagnosed in days 

Swine ; 

30-60 

SThoep : 


Single fetus 

65 

Twin fetus 

55 

With cikiUod operator 

60 

Cow 

120-150 

Mare 

120-150 




In addition to the detection of 
pregnancy the instrument shown in 
Fig. 1 can also be used for measure¬ 
ment of thickness of backfat and loin 
in pig. These two measurements are 
useful for carcass evaluation in pig 
industry. The pregnancy in cow and 
mare can also be diagnosed with 
this instrument (Table 1). 

Farly pregnancy diagnosis in 
small domestic animals is the best 
way to make profit by lowering the 
cost of maintenance. This is achieved 
by identifying the non-pregnant, 
feed wasting sows and gilts and by 
selling them while they can fetch 
good market price. This also avoids 


M any a naturalist might have 
come across the conspicuous 
accumulation of froth on the tender 
shoots of some plants in spring and 
early fiummer months. It is no won¬ 
der if people mistake it for cuckoo- 
spit; since the sudden appearance of 
this spittle-likc froth coincides with 
the arrival of cuckoos. As a matter 
of fact, ii has nothing to do with 
cuckoos. These soapy bubbles har¬ 
bour a soft, greenish-yellow insect 
which sucks the sap of the plant on 
which it rests. It is the immature 
Ftagc (^nymph) of a Ccrcopid bug 
called frog hopper. The vague resem- 
blcncc of its head to that of a frog’s 
head and its tremendous jumping 
power helped it acquire its popular 
name. Adults can jump over a dis¬ 
tance of three feet to escape from 
enemies, whereas the nymphs are 


disposal/slaughter of pregnant animals. 

The shortcoming of the instru¬ 
ment is that full urinary bladder 
across the direction of the probe may 
sometimes give a broad, multipeaked 
signal in the middle zone and be 
confused for pregnancy. Rare disease 
condition, N^hich accompany fluid 
buildup in the abdomen, may also 
give false positive, multipeak signals 
in all the three zones. 

S.K. GijPta 
Indian Veterinary Res. Institute 
Izatnaf*ar-243I22 {U.P.) 

R.L. Diioble 
Punjab A^nculturai University 
Ludhiana 


defenceless. So they hide themselves 
in the frothy material They produce, 
until they complete their develop¬ 
ment. 

Much scientific work has not been 
done on the life cycle stages of frog- 
hoppers but several iovci'lig Uions 
have been into the 

method by v/hich ihc nyrnini covcts 
itself with the foaiii lot sell .tefeacc. 
Let us examine hov/ the auauvniy of 
the nymph is suitable for bubble- 
blowing The sides of the abdomen 
of the insect are downwardly curved 
and turned into pinte likc lobes 
which overlap forming in air canal 
below the abdomen. Spiracles, two in 
each segment, open into this canal 
The nymph sucks excess of sap from 
the plant and a portion of the 
unassimilated sap, mixed with waste 
products, is discharged in the form of 


Cuckoo spit 
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Fig. 1. A frog hopper 


a clear fluid from the alimentary 
canal. This fluid oozing out of the 
anal orifice covers the undersurface of 
the body and tills the spacc*between 
the latter and surface of the plant 
Literally, the young frog hopper 
bathes in a pool of clear fluid. Now 
some waxy substance secreted by 
certain glandular ceils present near 
the tip of the abdomen on the sides 
of the seventh and eighth segments 
exudes through minirc pores. This 
mixes with the clear fluid to increase 
its consistency so that it can hold 
for a longer time air bubbles fomied 
soon afleiwards. 

The nymph nowlifts its abdomen 
oif the fluid. The previously overlap¬ 
ping lobes below the abdomen are 
stretched apart to open the air canal 
wide so that a current of air can be 


I^UROPEAN architects orgin- 

^ ally pioneered the application of 
castellated sections at a time when 
the variety of steel sections available 
from European steel manufacturers 
was limited. I he first application of 
castellated section dates back to 1910. 
The castellated section is made by 
expanding a standard ror; shape 

in a manner which creates a regular 
pattern of holes in the web—the defini¬ 
tion of ‘castellated* being ‘built like a 
castle, having battlements, or regular 
holes in the walls, like a castle’. 


lot in. Air is needed for respiration 
as well as bubble-blowing. Contrac¬ 
tion of abdominal segments squeezes 
the air out drawing the liquid film 
in the form of a bubble. Immediately, 
the tip of the abdomen is submerged 
in the pool of liquid to release the 
bubble into the liquid. This procedure 
is rapidly repeated in quick succession 
until the pool of liquid is transformed 
into a mass of bubbles. The insect 
skillfully spreads these bubbles 
around it using its legs and covers 
itself entirely with froth. 

Destruction of some of the bubbles 
in the middle of the f rothy mass forms 
an aircell in which the nymph moults 
conveniently and adult stage is 
reached. Bubbles are said to be mom¬ 
entary in existence. These frog- 
hoppers are curiously stretching the 
life span of bubbles and employing 
them to make a formidable fort for 
protection against enemies. 

S.M. Sathffsan 
Nariish Chaturvldi 
Bombay Natural History Society 
Hornhill House 
Bonihay-^OO 023 


Thus castellated sections are 
fabricated first by cutting through 
the web of standard rolled beams in 
a regular alternating pattern as shown 
in Fig. la. Then the two halves of the 
rolled section are rejoined by welding 
after offsetting one portion so that 
the high points of the web pattern 
come into contact (Fig. lb). This 
results in a open web beam of consi¬ 
derably greater depth than the initial 
rolled shape. Sometimes design con¬ 
siderations necessitate an even grea¬ 
ter depth of section and this can .be 


achieved by adding plates to the 
‘tee’ sections so forming octagonal 
instead of hexagonal apertures as 
shown in Fig. Ib. These sections can 
be used as beams, columns and 
chassis for heavy goods vehicles. 

Castellated sections provide the 
following advantages: (1) Lighter 
sections—^the castellation procedure 
forms an increase in depth of the 
basic section of approximately 50 per 
cent. If it is assumed for example, 
that a beam may be used to span 20 
times its own depth, then castella- 
tion will give a corresponding 50 
per cent increase in permitted span 
as compared to the parent section. 
The moment of inertia is 3.325 times 
greater and the section modLilus is 
increased by 2.25 per cent; (2) High 
strength to weight ratio; (3) The 
pattern of holes in the web presents 
an attractive appearance for beams 
exposed to view; (4) The web aper¬ 
tures are, furthermore, becoming 
ever more functional with the increase 
of piping, conduits and ductwork in 
modem construction. At a time 
when services costs make up an ever 
increasing proportion of overall buil¬ 
ding costs, it is often important for 
the architect to be able to employ 
structural elements which will rea¬ 
dily accommodate such services. 
Castellated beams are more suitable 
in such circumstances and in many 
cases, the need for expensive false 
ceilings is eliminated; (5) Due to the 
lightness of these beams, foundation 
costs arc reduced; for the same 
reason these structures are suitable 
for poor soil conditions also; 
(6) Painting cost is cut; and (6)Tape- 
red sections can be fabricated easily 
Inspite of the above advantages of a 
casiellated section it has yet to become 
very popular in India because of the 
cost of flame cutting and rewelding 
of the web. Thus if the cost of fabrica¬ 
tion is favourable then castellated 
sections can be used. 

Castellated sections are much 
in vogue in many parts of the world. 
Fig. 2 shows a factory building in 


Cost savings through castellated 
sections 
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Fig. 1. DeCftils of standard casteJIatlon 


West Germany using castellated 
;iirdcrs. Castellated beams have alrea¬ 
dy been used in the factory buildings 
of the Indian Institute of Technology, 
Madras. Applications of castellated 
sections include use in multistorey 
buildings, crane girders, industrial 
buildings, portal frames, light-duty 
automobile chassis and stiffening 
girders in ship structures with added 
advantage of passage for pipes and 
ducts. 


The casteliations introduce 
periodic variation in section pro¬ 
perties and hence their analysis is 
very complicated. The increase 
in depth in castellated beam makes 
them prone to elastic lateral buck¬ 
ling. Even the calculation of deflec¬ 
tions is rendered difficult because 
of the variation in section properties. 
•However, the introduction of electro¬ 
nic digital computers and the use of 
finite element methods have changed 



Fig- 2. A factory building in West Ciernuuiy 
using castellated girders 

the picture and it is now possible to 
analyse these frames more accura¬ 
tely. Computer programs have been 
developed at the Indian Institute of 
Technology, Madras, which can be 
used to analyse and design these 
sections efficiently. 

The production of these sections 
has already been undertaken by some 
private companies in India. The. 
Indian Standards Institutioniscurren- 
tly preparing a draft standard for 
the design of castellated sections in 
design offices. There is no doubt 
that these sections will be used in our 
building industry to achieve economy 
in steel which is a scare.: material in 
India. 


N. SUBRAMANIAN 
Structural Engineering Lab, 
Indian Institute of Technology 
Madras 600 036 
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Dr. «>. K. Koul 


I ^oii ^ ihtH*«iiittrru.»(»an vcrubiatcs, 
,t»:‘;Hi»Mi mhi »lic chemistry ot 
i»Mi» hnu pla)jl j loduiis tor inscci 
. o.fiiuf .itu) ttuir nuutc i)!' bnnpiriii 
Mcrililv anitMip insects. Con 
Mh’Mi'!' the pnK'f.ii.il his fcsctlrthc^ 
*».» in^cCi von'iol he has pul in 
M't'i^ufriabJr Lib*.u! to understand it 
ll!i>ionviib. 

Koul vMi'' (non on April 14, 
l‘>4<^ n .j innlJle class lainily ai 
Sinitiiau Jiinni\u and Kasiimir His 
ialher was mili.illy a science teachci 
(\\Ik» later |oined Defence services) 
and it was due In him that he took 
UJ 1 science tis a caieer Mter ^radua- 


iioi: ;n I96)<, he obtained M Sc 
tii>m Allahabad University and Ph Cr 
from Kashmir University. PrcseniK. 
he IS a Senior Scientific Assistant 
at the Regional Research Laboratory, 
.lammu Dr Koul thinks that “we can 
do a loi even within the existing facili¬ 
ties, if only mental outlook is 
chan^nd’* He thinks that science is 
a heady popular in the country and 
there o no need to do anything about 
it. h;n at the same time, he laments 
that tluu should be less gap between 
what lie calls “big" and "sma*!" 
scicnnsls. 

Dilip M. Saiwi 


As m htMO'O’ slcfilant'' 

aic u^»‘d ii> ^.oniiol the popula 
turn 4*l »ns.».'s which iic haimttil U' 
food produeiKMi ReL<,mlv, nori-ioxic 
stcnliintv h.ivi ( cc i tliscoseicd, 
which li:i\e op^-iu d up new avenues in 
the lield ol line* l ».on{ii)l I he lesear- 
elu's ol Di (hendci Kll.^hln Kou! 
e<uK:ih ihi^ ‘KNk !n!d I lie 1979 
INS'\ ^ ( un'» Si'ieniiNLs’ .Mt’iiul has 
been gi\en ic. him toi his sigm- 
tieani eordi ihiilK>ns »n ific same 
AUhough he h,*s done u eaich in 
inan\ lekued » i he i{HiMd'‘'s this 
piece ol M' AMir i» Muk Ills Iv-it loi he 
feels ihiii )h‘M p' ( ol work a seieniisl 
feels u> be \oid:n<: which h:is 
brought hull icooiimlion His lescai- 
ehes concern rep»uducli\e hiologv 



Dr •Koul 


C/ Antmal ('onforme 

Orissa Association for Advancement 
of Science 


sisili .nniLial conlcrence ot 
(he t)riss.i Assoeialion for Advan¬ 
ce, men I ol Sciciiee was held in the 
Raveiishaw College, Cuttack on the 
ItSih and I9ih October, 1979 
M K Roul in his piesidential address 
entitled “l.co?u>mic development, 
population growth and science", 
stated that population growth in 
the world axerages the Indian 

index being A population grow¬ 
ing at I ", doubles in seventy years, 
vii doubles in 35 years and at 
^ doubles in 20 years In six and 
.1 half ci nlmies from now, there will 
Ix' vine huniiin being stinding on 
wveiy sij, ft of land on earth. 

S C. Bhattachary.., Director, Bose 
Institute; Calcutta in his address to 
the conference dwelt upon the chemis¬ 
try of scents He stated that 0.3 gm 
of musk is obtained by killing a musk 
deer, Uoschuji nwsvhifcrus living in 
the Hiinalayits. The odour of sandal¬ 
wood contains 135 chemical con¬ 
stituents Human nose is so sensitive 
that It can detect a smell at a dilution 
of 0.000,000, (KK), (KX), 01. A man 
suli'ermg from cold can smell odour 


upto dilution ol 0 000, 000, 01. 

S Misra, Lx-Vice-Chancellor, 
Utkal University, addressing the 200 
scientists from different institutions in 
the State, stated that since scientific 
knowledge doubles every ten years, 
a progressive country must keep track 
of the most recent scientific develop¬ 
ments in the world. 

Alt^igcthcr 154 papers were pres¬ 
ented in the nine sections, viz.. Zoolo¬ 
gy, B(Uany, Chemistry, Mathema¬ 
tics. (ioology and Geography, Psy¬ 
chology and Educational Sciences, 
Physks, Agricultural Sciences and 
Engineering & Metallurgy. 

A general symposium on man in 
the services of mankind besides two 
symposia in the sections of Chemistry 
and Zoology were held respectively 
on “Spectia and Chemical structure" 
and “Zoological researches in Orissa 
in the coming decade". 

B. K. BfcHURx 
Si^cretary & Treasurer 
Orissa Association for Advancement 
of Sciena 

Department of 7.oolo^\\ Ihkai 
Univrr\ii I Hhubane^war^T A ittti t 
iContinued on page 



Prostaglandins 
in cholera and 
ulcerative colitis 

ROSTAGLANDINS arc 20- 
carbon, unsaturated fatty acids. 
They are present in'^almost all tissues 
of the body, are very potent and have 
varied actions July 1977). 

Recent studies demonstrate that 
they are also involved in patho¬ 
genesis of cholera and ulcerative 
colitis. 

Cholera is an infectious disease 
caused by the mircro-organism, 
Vibrio cholerae. It causes severe dia¬ 
rrhoea followed by fluid and salt 
depletion. But, the exact mechanism 
by which cholera organism produces 
the symptoms was not clearly known. 
Recent in vivo and in vitro studies 
have shown that cholera toxin indu¬ 
ces the gut mucosa to increase syn¬ 
thesis of prostaglandins which cause 
severe diarrhoea. 

fn vitro studies on small intestine 
of cats reveal that several prosta¬ 
glandins and cholera exotoxin (toxin 
liberated by the cholera organism) 
induce secretion of water and salts. 
If used together, the effects of cho¬ 
lera toxin and prostaglandins are 
additive. In vivo experiments in 
man and rats also show that PGE 
and cholera toxin cause secretion of 
water and salts from the small in¬ 
testine. 

Prostaglandin E (PGE) and cho¬ 
lera toxin also cause marked increase 
in adenyl cyclase activity in the small 


intestine ( S.R,, May 1978). These 
studies led to the suggestion that 
cholera toxin may act by stimulating 
prostaglandins which then increase 
the activity of enzyme adenyl cyclase. 
The latter, in turn, may increase 
formation of cyclic AMP in cells 
(S,R,y May 1978). Cyclic AMP may 
then increase permeability of cell 
membrane and thus increase secre¬ 
tion of water and salts by intestine. 
Further, it has been found that aspi¬ 
rin and indomethacin, which are 
known to inhibit prostaglandin syn¬ 
thesis, inhibit cholera toxin induced 
fluid accumulation in the rat intes¬ 
tine. This lends additional evidence 
to the theory that prostaglandins 
are involved in the pathogenesis of 
cholera. 

Ulcerative colitis is an inflamma¬ 
tory disease, involving primarily the 
mucosa and submucosa of the colon. 
The disease is peculiar to man, docs 
not appear in epidemic form, is not 
contagious and relapses frequently. 
No specific organism, eitlicr bac¬ 
terial or viral, has so far been found 
to be the causative agent. It has been 
found that increased amounts of 
prostaglandins are present in stools 
of patients suffering from ulcerative 
colitis. This has led to a belief that 


^HE possible role of Actinomy- 
*** cin-D in the specialised therapy 
of kidney-tumor (Hugo and Russell, 
Pharmaceutical Microbiology \ Ed. 1, 
p. 133, 1977) has recently been well 
established at the International Sym¬ 
posium on biological preparation in 
the treatment of cancer held in 
London in 1978. According to re¬ 
ports, a highly malignant, congenital 
kidney-tumor—also known as Wilm's 
tumor—can be inhibited by theabi- 


possibly prostaglandins are involved 
in its pathogenesis. Diarrhoea and 
other associated symptoms in this 
disease may therefore be due to an 
increased production of prostaglan¬ 
dins by gut mucosa. Because there 
exists some hereditary pre-disposi¬ 
tion to ulcerative colitis, a bacterial, 
viral or immunological stimulus pos¬ 
sibly leads to an increased synthesis 
of prostaglandins by the gut which 
in turn causes ulcerative colitis. This 
theory is supported by the finding 
that salazopyrine, which is an effec¬ 
tive remedy to this condition, is an 
inhibitor of prostaglandin synthesis. 
Similarly, corticosteroids, which arc 
of immense value in ulcerative colitis, 
arc also now known to inhibit release 
of prostaglandins. 

Full understanding of the in¬ 
volvement of prostaglandins in the 
pathogenesis of cholera and ulcera¬ 
tive colitis may have, in the long run, 
far reaching therapeutic implica¬ 
tions. 

U. N. Das 
Deptt. of Genetics 
0\mania Vniversify 
&’ hacuity of Medicine 
Osmania General Hospital 
Hvderahad-fm m 


lity of actinomycin-D to prevent 
transetiption of RNA by binding 
specifically to helical double stranded 
DNA (Fig. 1). J. H. Bradenburg and 
coworkers at Gotterfried J. Bio- 
chem. Laboratory, Wisconsin 
(U.S.A.) reported that tumors are 
activated metabolically by an enzyme 
system which is genetically controlled 
by DNA. Reich et al. suggested that 
actinomycin prevents strand sepa¬ 
ration of helical DNA and suppresses 



Actinomycin-D inhibits 
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1>N A polymerase activity at the cor¬ 
responding concentrations rendering 
tiicreby whole of the < nzyme synthe¬ 
sis clocked (Fig. I). Probably acti¬ 
vity of this drug against the RNA 
synthesis is due to its ability to form 
compltscs wilh ONA. 


The binding to double-stranded 
DNA or synthetic polynucleotides 
depends on the presence of guanosin 
(G) base. Polynucleotides without G 
arc unaffected by actinomycin, e.g., 
poly d(A-T) will effectively code for 
RNA synthesis in the presence of 


actinomycin-D. The fact that kid¬ 
ney tumors are inhibited by actino- 
mycins further unfolds the mystery 
that such tumors in their DNA are 
having guanosin (G) in such a dimen¬ 
sional configuration which enables 
actinomycin to become tightly bound 
at the site, blocking thereby sub¬ 
sequent transcriptions (Fig. 2). 

The structure of actinomycin-D 
has been determined by X-ra> 
measurements on the crystal. Nuclear 
Magnetic Resonance Spectroscopy 
(NMR spectroscopy> indicates that 
the configuration is largely retained 
in solution. The molecule is essentially 
T-shaped. Its phenoxanine chroma- 
tophore is planar and the two cyclic 
peptide rings lie behind it in a plane 
at right angles to the plane of the 
chromatophore. The two peptide rings 
are stabilised in special configuration 
by H-bonds—one in each ring. Mo¬ 
dels show that a structure of this 
kind can bind rather specifically to 
a DNA helix. 

{Continued on page 21S) 
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Serpents of the sea 


WTHFLE the existence of the 
^ mythical serpents in the sea have 
evoked human fascination and fear 
for long, the fact is that the snakes in 
the sea—more in number than all the 
snakes on the earth and most veno¬ 
mous of all the living vertebrates- 
are but the cousins of cobras and 
kraits of land. Both have evolved 
from the elapid stock. Behaviour, 
anatomy, venom and other aspects 
of natural history of these animals 
have remained a mystery even to 
herpetologists who pay more atten¬ 
tion to snakes of the land. Perhaps 
because they are easily collected and 
studied. 

Varying in size from the 46 cm 
long Crocker’s sea snake of the 
Solomon Islands to the 3.5m 
long yellow sea snake in 
all seas, sea snakes arc of 55 
kinds found chiefly in the south 
Asian and Australian coastal winters. 
No sea snakes are found in the 
Atlantic Ocean and the Mediterra¬ 
nean Sea or the Red Sea. With the 
single exception of a freshwater 
species found in Lake Tall, Philip¬ 
pines, and barring members of the 
genus Laticauda^ all are exclusively 
marine appropriately grouped in a 
single family, Hydrophilidac. 

Eel or sea snake ? 

Sea snakes can be easily known 
by their compressed bodies and 


flat tails. However, the unusually 
flattened tail simulates the fin of an 
eel for which a sea snake is often 
mistaken. The dry, scaly covering of 
a sea snake establishes its identity 
and distinguishes it from an eel 
which has a smooth and slimy skin 
and a gill pouch. 

Adaptations 

Adaptations of sea snakes acqui¬ 
red after millions of years of evolu¬ 
tion of their life in water are total, 
perfect, and complete. Some of their 
structural changes such as the long 
flexible and laterally compressed 
bodies, rudder-like tail, nostrils with 
their water-tight, valvc-like flaps set 
on top of the head instead of on the 
sides, are obvious. While they arc 
accomplished swimmers, sea snakes 
arc awkward in their movements on 
land. Sea snakes are endowed with 
a specially adapted gland in mouth 
that helps them get rid of the excess 
of salt from sea water. 

The very extensile right lung 
partly lined with blood vessels is 
used for absorption of oxygen and 
also as a hydrostatic organ. Though 
sea snakes have to come often to 
surface for purpose of breathing, they 
can stay down from two to six hours. 
It is on record that they are capable 
of accomplishing dives upto 6m 
to 55 m or 150 m at a stretch and 


in the process control the heart 
beat and pulse rate. 

Wkiere to fM tliem 7 

They frequent coastal belts, and 
arc found in rock crevices, tree roots, 
and pilings that support houses under 
water. Night lights shining brilliantly 
over the sea attract them in large 
numbers. Sea snakes, like marine 
turtles, are fond of basking on the 
surface of water. On days when the 
sea is calm hundreds of them can be 
seen from steamers. Some of the 
coastal species settle on outlying 
reefs while resting. They gather in 
great numbers among the roots of 
mangrove trees in monsoon or when 
the sea is rough and disturbed during 
heavy gales. As sea snakes princi¬ 
pally feed upon fish, they also swarm 
estauries and river mouths in search 
of their prey. 

Food 

Sea snakes feed principally upon 
fish —mostly eels and smaller fishes 
which arc killed by their powerful 
venom and swallowed whole. They 
also eat shrimps and prawns found 
on the sea bottom. The land going 
sea snake of Asia (Laticauda) traps 
fish in rock crevices with folds on its 
body and tightly grips. It is then 
swallowed. The wide ranging black 
and yellow sea snake {Pelamis)wh}ch 
feeds only on the surface adopts 
yet another tricky device to attract 
its prey. While it floats on the surface 
simulating a stick, the less intelligent 
fish mistakig it for a floating obj¬ 
ect, swim underneath it. With a 
sudden backward motion and a 
quick sideways strike, the snake 
secures its meal. Some turtle-headed 
sea snakes (Emydocephalus) of 
Australia and Formosa have fewer 
teeth and hence subsist on a meal of 
fish eggs. They arc not adept at 
catching and swallowing fish. 

Veflon 

Sea snakes are generally timid 
and easy going in disposition. They 
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Fig. 1. C^oauDOD M snake {Enhydrina schistosa) or peaked sea snake 


srtdom bite except under extreme 
provocation. Fishermen consider 
sea snakes harmless. Otherwise how 
can one explain the careless way a 
fisherman picks up these potential 
killers caught in his net and throws 
them out casually ? Sea snakes 
do not startle their intruders by a 
loud hiss and they do not have hood 
like land snakes. Their fangs are 
short, grooved and immovable. 
Their venoms 10 to 20 times as potent 
as that of a cobra is basically neu roto- 
xic. A man bitten by a sea snake does 
not complain of instant pain as the 


bite is like a pinprick. The symptom- 
free period lasts from 30 minutes to 
8 hours. But his legs slowly get 
paralysed, vision gets blurred and 
jaws get locked. He develops respira¬ 
tory failure and convulsions leading 
to death within 12 hours of the bite. 
Though all sea snakes are poisonous, 
their lethal venom is primarily meant 
foi quietening large preys and 
secondarily for protection against 
predators. In fact, certain egg-eating 
sea snakes never get the occasion to 
discharge their lethal venom. Some 
sea snakes like Laikauda are so 
docile that even children in Fiji pick 
them up to play with. Bites are rare. 
On the other hand, some sea snakes 
are easily aggravated and may bite 
readily if provoked The only commer¬ 
cial antivenin against sea snake bite 
is prepared by using the venom of a 
single species of sea snake. 



Fig, 3. Black and yellow sea snake {Pelamis platurus) 



Fig. 2. Ydkiw BM Make {Hytkophis spiraHsX BoHi tke adult and yoMg have a yellow co^ 
loared belly 


Haxard 

Sea snakes arc a potential hazard 
to Asian fishermen. All the south-east 
Asian countries along the shores of 
which these sea reptiles abound are 
densely populated and fisherfolk 
wade barefoot in muddy shores with 
their nets. They arc prone to be bitten 
fatally on their wrists, fingers, toes or 
ankles when they step on a snake or 
restrain its movements while wading 
out. Sometimes, sea snakes become 
a hazard to sea bathers during stormy 
weather and monsoon. In the Philip¬ 
pines, some resort hoteliers had to 
fence off the bathing areas of their 
hotels to afford protection to their 
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customers from the venomous inva¬ 
ders from the sea. As a measure of 
precautioni sea bathers and divers 
should avoid rocky crevices, piers, 
and old tree roots as they are inhabi¬ 
ted by sea snakes. 

Reproduction 

All sea snakes barring the amphi¬ 
bious {Laticauda)^ mate at sea and 
the young ones are born alive in water. 
Reproduction is not limited to any 
season or time or the year as is the 
case with land snakes. Again, females 
of many species like those of their 
land allies can store sperm for weeks 
or even years until the eggs are ripe 
for fertilisation. It is said that preg¬ 
nant females resort to enmass 
migration to protected bays to bear 
their young. 

Common Indian sea snakes 

Nearly 20 species occur in Indian 
waters, majority of them in the Bay 
of Bengal. Some of the common 
forms found are the Jordon’s sea 
snake (Kcr/ia yerrfon/),. hook-nosed 
sea snake {Enhydrina schistosa)^ 
yellow sea snake (Hydrophis spiralis)^ 
annulatcd sea snake {Hydrophis 
cyanotinctits) and the narrow headed 
sea snake (Af/croccpAa/opAij qraciiis). 
Of these, two species, namely, the 
common sea snake and the annulated 
sea snake, are reported to be very 
pugnacious and easily provoked to 
bite. 

Enemk^s 

Sea snakes have none to fear in 
their watery kingdom. Even the large 
omnivorous sharks shun them. 
They, however, fall an occasional prey 
to sea eagles. These birds pick up the 
snakes from waves, beat them with 
their wings and rip open their flesh 
with their beaks and feast upon them. 

Exploitation 

At first, it is the beautifully patter¬ 
ned skin of these snakes that was in 


great demand. The meat and soup of 
these deadly reptiles are a great 
delicacy in Japan. Apart from its 
edible meat, the gall bladder of sea 
snakes has found a medical use in 
curingstomach trouble, skindiseases 
and as an aphrodisiac. With half of 
the world’s known sea snake popula¬ 
tion swarming our waters, it is 


time we exploited this easily availa¬ 
ble natural resource for commercial 
gain and for earning,valuable foreign 
exchange. To start with, surveys of 
potential fishing grounds of these 
snakes should be undertaken. 

T.S.N. Murthy 
ZoologicalSurxey of India 
Madres 600 028 


What do you know about nine ? 


W HAT is the greatest number, 
say, with five digits? Certainly, 
it is the number in which the number 
nine is repeated five times, that is, 
9 9 9 9 9. Here are some curiosities 
of the number nine. 

The first ten members of the num¬ 
ber system are : 

0, 1,2, 3, 4, 5, 6, 7, 8, and 9. 
The first and last members when 
added give 
04 “ 9=»9 

The second and the last but one 
member give 
1+8=9 

and so on uplo 4+5=9. 

The sum of the members 0, 1, 
2, 3, 4, 5, 6, 7, 8, and 9 is equal to 
45 which, when the digits are added 
gives 

4+5=9 

If 9 is multiplied by any number, 
the result is 9. For example, 9 x 12 = 
108-h.H 0 + 8 = 9 
and 

9x2I3 = 19I7-^1+9+]+7=18-+. 
1+8=9 

Now take a number with unequal 
digits. Reverse the digits to form a 
new number. The difference of these^ 
numbers is 9. For example, 

(i) Take the number 74. The 
number formed by reversing the digits 
is 47. 

So 74-47=27-^2 + 7=9. 

(ii) For 132, the reverse number is 
231. 


So 231 -l32 = 99->9-f 9c.l8-^^ 
1-f 8 = 9 

(iii) For 7341, the reverse number 
is J437. 

So 734J~-J437=5904-.^5+94 0+ 
4=J8—-f8 = 9 and so on for the 
numbers with higher digits. This rule 
applies to more general cases also. 

Now take any number. Let the 
digits be re arranged to form new 
numbers. The di^'»crcr.ee between the 
numbers becomes 9. For example, 

(i) Take the number 1.32 The new 
numbers are J 23, 213, 231, .312 and 
32j. 

Now 132-^123= 9 and 231--423 
= 108-►14-0+8 = 9, etc. The rule 
is also valid when two digits are 
equal. 

(ii) Take the number 1234. The 
new numbers arc 23M, 2341, 2134, 
etc. 

Now2314 1234---- 1080 i * iM 8 

+ 0=9 

and 

2341—2134=207-->2 40 f 7- 9 
The rule is also valid when ilircc 
digits arp equal. It muy he cxi':rKlc;j 
to numbers with higher digits 

The well-known KaprekarX 
constant (See Science Reporta ^ Juru 
1979) is 6174, which also becomes 9 
j.e., 6I74-^6+1+7+4=18= I+8 
=9. 

Now, consider numbers of 
digits, the individual digits of which 
add up to 9. The numbers are 18, 
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27, 36, 45, 54, 63, 72, 81 and 90, 

This IS clearly a ramily of Ari» 
thmcCic Progression of 9 members 
with the commondifrcrcncc9. When 
the sum of the digits is 8, the numbers 
arc i 7, 26, 35, 44, 53, 62, 7j, 80, 98 
which obey the above conclusion. 
Same results arc obtained when the 
individual digits of the numbers 
add upto any of the numbers from 
1 to 7. 

Palindrome numbers are those 
which read the same when viewed 
from the right hand or left hand side. 
In other words, the number and its 
reverse number are ihc same. Now, 
the family of Palindrome numbers 
whose sum of the digits adds upto 
9 arc 171, 252, 333, 414, 585, 666, 
747, 828 and 909. 

This IS a family of 9 members and 
the difference between any two 


1. Points and the hexagon 

In Fig. I arc shown seven points 
lying inside a hexagon. By drawing 
three straight lines divide the hexa¬ 
gon into seven sections. There must 
be one point in every section. 

2. The intersecting circles 

F'ig. 2 shows three intersecting 
circles, a set of three straight lines 
and nine points. On the circumfer¬ 
ence of every circle there are four 
points. You have to insert the digits 
I to 9 in the positions of those points 
so that the sum of the digits along 
every line is \1. The numbers on the 
circumference of each circle must also 
add to 17. 

3. Two motorists 

Two motorists start from a cer¬ 
tain place and drive their cars at 
speeds of 36 kmph and 30 kmph 


members adds up to 9. For example, 
252 17I=-81->1 + 8=9 

and 

585--414--171 -►1+7+1-9 
Also, the difference between any 
two numbers in the above two sets 
also adds upto 9. For example, 
252 81-171->1-1 7+1=9 
The Palindrome numbers of four 
digits, whose sum of digits adds 
up to 9 are 1881, 2772, 3663, 4554, 
6336, 7227, 8118 and 9009. 

This is a family of Arithmetic 
Progression with common dilfercncc 
= 891->8 + 9+1--18-> 1+8=9. 

The rule applies to Palindromes 
with higher digits. 

Ajoy Roy Choudhury 
Deptt. of Mathematics 
Karimganj College 
Karimganj-78S710 
Assam 


Fig. 1 



respectively. They have to reach the 
common destination. The first man 
reaches the destination at 7 P.M., 
the second at 9 P.M. When did they 
set out for their journey and how far 
was the destination from their 
starting place ? 

P.K. Mukherjee 
Lecturer in Physics 
Deshbandhu College 
Kalkajiy New Delhi 


Science quiz 

1. A sprayer works on : 

(a) Archimedes principle, 

(b) Boyle’s law, (c) Bernoulli’s 
principle. 

2. Venturimeter measures: 

(a) Specific gravity of a Liquid, 

(b) rate of flow of water through 
a pipe, (c) thermal conductivity 
of a substance. 

3. Conductivity of a semicondu¬ 
ctor : 

(a) decreases with increase in 
temperature, (b) remains uncha¬ 
nged with change in tempera¬ 
ture, (c) increases with increase 
in temperature. 

4. Threshold frcqucni^y for 
photo-clcctric emission depends 
on : 

(a) intensity of incident light, 

(b) nature of the material, 

(c) potential difference bet¬ 
ween the emitter and the collec¬ 
tor. 

5. A satellite that appears station¬ 
ary from the earth revolves 
round the earth in an orbit of 
radius : 

(a) 35680 km, (b) 20000 km, 

(c) 45500 km. 

6. Phobos is a satellite of : 

(a) Jupiter, (b) Neptune, 

(c) Mars, (d) Saturn. 

7. Titan is a satellite of : 

la) Jupiter, (b) Saturn, (c) Mars, 

(d) Neptune. 

(Continued on page 2t^ 
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mBiM I 
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multiples o*' ratio of 
Sine waves and pulses 
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external contact 
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crystal package 
oscillator 
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Brand name 
drugs—safer 
than generic 
drugs ? 

W ITH so little publicity given to 
the “non-proprietary” or the 
chemical or what is generally known 
as the “generic” names of drugs, the 
average consumer today is often 
totally unaware of their existence. 
Neither the manufacturers of branded 
drugs nor the doctors who prescribe 
them are helpful in dispelling this 
consumer ignorance. Would you 
believe it? Ampicillin, a well-known 
antibiotic, has appeared in the world 
market under 224 popular labels, 
but only 24 formulations! The result? 
Even a knowledgeable consumer 
invariably goes in for the much 
advertised brand names, which come 
beautifully packed and attractively 
labelled. It is interesting to see what 
this trend costs the consumer. 

But before that, let us sec what 
exactly is meant by a generic drug? 
Any chemical substance, when it 
has been proved to have some thera¬ 
peutic usefulness, is assigned a gen¬ 
eric or “officiar' name. For instance. 


acetyl salcyhc .acid, the world's best 
pain killer, is officially known as 
'aspirin'. A plain aspirin taMet 
(325 mg) costs only 3 paisc, while its 
equivalent branded products cost 
three to five times more. Can one 
justify this additional cost? As far 
as the manufacturer is concerned, 
partly yes, to pay for the advertising, 
the better packaging, labelling, etc. 
But for the consumer it just means 
extra payment for practically no extra 
benefit. Because whether you buy a 
bottle of plain aspirin or a widely 
advertised brand, there will be no 
difference in the anti-pyretic (fever 
reducing), anti-inflammatory and 
analgesic (pain killing) quality of the 
products, provided they arc genuine 
and not spurious. (Any genuine 
product that claims to be aspirin 
must necessarily meet the official 
standards set for that drug.) Claims 
that the branded products arc more 
effective and even safer are ambiguous 
and misleading. Some manufacturers 
mix aspirin with one or more ingredi¬ 
ents and present a new product to 
the public, which they claim is safer 
and more effective than the plain 
aspirin. But such combinations have 
no clinical advantage over single 
component products. So it is point¬ 
less to go in for anything more costly 
than plain aspirin, for the variety 
of ailments that this drug is good for 

To take another example : tetra¬ 
cycline, a widely used antibiotic, is 
marketed under various brand names. 
Doctors in their prescription may 
use cither the generic name (tetracy¬ 
cline) or any one of its brand names. 
The latter of course costs much 
more than the former, although both 
must necessarily satisfy the require¬ 
ments of safety, strength, purity and 
effectiveness, as laid down by the 
drug laws. 

One misconception widely preval¬ 
ent among consumers is that only 
large reputed firms produce brand 
name drugs while small unknown 
companies are relegated to the 
manufacture of generic drugs. The 


truth is that u drug company, whether 
large or small, can market its pro¬ 
ducts under generic or brand names 
or both. In fact, some large companies 
distribute under their brand, names 
products manufactured, packaged 
and labelled by firms that make gen¬ 
eric drugs. They may also purchase 
drugs in bulk from other firms and 
then make the final dosage forms. 
Since drug labels are not required to 
indicate the name of the original 
producer of the drug, neither consu¬ 
mers nor pharmacists are normally 
aware that a drug carrying the brand 
name of one company was actually 
made by another. 

It is obvious from the above that 
there should be only one standard for 
any drug in the world market. New 
York State in the U.S.A. has recently 
published a drug list which is an 
accurate guide to prescription drugs 
which arc considered by the IKS. 
Food and Drug Administration as 
safe, effective and equivalent in* 
therapeutic perfotmance. Ihc list 
helps pharmacists to substitute less 
expensive generic drugs for equivalent 
higher priced brand name products. 
The list has been prepared and issued 
as part of a new state pro|ranime to 
reduce prescription drug costs with¬ 
out sacrificing quality. According 
to Donald Kennedy, Commissioner 
of Food and Drugs, U.S.A., there 
is no consistent difference in quality 
between drug products sold by large 
and small firms or drugs sold under 
a brand name or generic name, 
provided both have been subjected to 
the necessary quality control in 
production, packaging and storage. 
The prcliminaiY quality control before 
a drug is allowed to be marketed 
includes tests conducted by the 
producer in several phases—in the 
laboratory, in animals, and finally 
in human volunteers—which demons¬ 
trate the safety and effectiveness of 
the drug for intended purpose. 

In this context the notification by 
the Government of India that all 
{Continued on page 213) 
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I able 1. Occurreoce ui lactase 


Lactase-appli¬ 
cations in dairy 
industry 

T ACTASt js 

an tMi/vnu* th:il hvt)iol\^L's the 
ill sac*.'handJj Ici losv (milk 
to Its vOfisMtu^n! in(MMv,.u Lh.n ul^ s. 

f/liicosc ^ind <jaluioH \h)i’ \) li 

IS vMdcl> ilisi ) thulcd na’uic, it 
exists in animal tissues. pKnUs' aiui 
niursaorcanisins ('labK 1; But, 
tluc to various icasons» only the 
UkIjsc liom iTiicror.rt.>anisins can he 
used comnierci:i!l> 

The rationale loi usin^> laelasc in 
daii) industry IS the nauiii orchanijcs 
that It brings about in llu *.lKniKal 
and physKal properties of milk and 
milk products as a icsull <>r Uutost? 
h\df olysis 

An aUiacli^e method of ptc''.!- 
ving whole niilk is b\ fme^mp milk 
eorccntiaic volume is foduced 

to about one ihiul of that of the 
whoU’ milk). Ti can be kepi lor much 
longer oenod than fluid milk kept 
under refrigeration conditions 
Besides, the rcconsLitutcd milk from 
this concentrate gives a flavour 
xirtually indistinguishable from that 


ol Ifcsh miik However, concentra¬ 
tes prepared from normal milk have 
a tendency to thicken and coagulate 
on standing due to crystallization of 
lactose at low temperatures. The 
concentrate prepared from lactose- 
free milk by the use of lactase im¬ 
proves the stability of the concentra¬ 
tes during storage at low temperatures. 
Similarly, the keeping quality of 
skimmed milk concentrates prepared 
from the lactose hydrolysed skim¬ 
med milk IS higher. 

A large segmeni of the popula¬ 
tion lannoi digest milk because of 
the lack of enzyme lactase in their 
intestines They develop stomach 
cramps flatulence, or diarrhoea after 
the consumption of milk or milk 
products. This deprives them of these 
important sources of proteins, vita¬ 
mins (ind minerals The problem of 
l:ic!osc intolerance, can be overcome 
h\ the lemoval of lactose from milk 
Mid milk products before these are 
eoiKunied by laclosc-mtoleranl per- 
s(uis The ideal approach for the 
removal of lactose in milk is its 
h\tl roly SI S to glucose and galactose 
by the enzyme lacta.sc (I’or details 
^c’c s A’ July 1079) 

Whey, a byproduct of cheese, 
has high BOD (Biological Oxygen 
DemnruJ'^ value which makes its 
disposal rather difficult. At present, 
It IS not a serious problem in India, 
as the dairy indusiry is not so well 
developed However, in future we 
may face this problem. The nutritive 
value of whey is very high because of 
the presence of essential amino 
acids (lysine, tryptophan, and methio¬ 
nine • Therefore, as syrup or in the 
dried form, it can be supplemented in 
ddTcicnt foodstuffs to increase their 
nuiritivc value. But the presence of 
high amount of lactose (70 % of 
solids^, in whey makes these prepara¬ 
tions unsatisfactory. They cannot be 
stored at low temperatures, as the 
crystallization of lactose imparts to 
these products a sandy or gritty 
texture. It also leads to the formation 
of protein clumps b\ destabilizing 


Animals 

Snails and intestines of rabbit, do^*, 
sheep, goat, calf, boar, bull and rar; humau 
saliva, and crop of chicken 

Piant > 

Kefir grains; ups of wild roses; seeds 
alfalfa, coffee and soyabean, almond, 
rosaceae 

\f icr€hjrgamsmy 

Escherichia call, Saccharomyces/ragilf^, 
Saccharomyccs lactis; Lactobacillus bulgari-> 
cus, Lactobacillus helveticus, Aspergillu:. 
orzvae, Aspergillus flavus, Aspergtilus mget. 
Streptococcus lactis, Mucor pusillusy Bacillus 
megaterium; Neurospora crassa; Streptococ¬ 
cus cremoris. Streptococcus thc'-mophlis, 
Leuconostoc citrovorum; Macruphomina 
phaseoli, Scleroitum tubparum . 


Table 2. Relative sweetness of io% 
aqueous sugar solutions 


Sugar 


S\^'ectneAS (Vr, 1 


Sucrose 100 

Lactose 40 

CilUL*'< 

Cialacio»:c ’’0 


the protein-protein interactions. The 
treatment of whey with the enzyme 
lai tase can not only overcome 
these problems, but can make these 
products innocuous for consump¬ 
tion by lactose intolerant persons 
as well. Moreover, glucose and galac¬ 
tose produced as a result of hydroly¬ 
sis of lactose arc sweeter (Table 2), 
and thus obviate the addition of extra 
sweetners in the food products. 
Furthermore, the hydrolysed whey 
can be used as feed for animals and 
poultry without producing the symp¬ 
toms of lactose intolerance. 

Whey can also be used as a fer¬ 
mentation substrate, especially for 
the production of single cell protein 
and alcohol. The first step in these 
processes is the utilization of lactose 
present in it. But relatively few or¬ 
gan ^ -n.s are known to ferment lactose 



CH, OH 


CH^OH 





LACTOSE 


Fin I 


GLUCOSE GALACTOSE 


American scientists, Leary and co- 
workers (1975) evaluated several yeasts 
for the production of alcohol from 
whey. They found Kluyvcrontyces 
fragilis to be the most efficient one. 
It converts 55% of lactose of whey 
to alcohol. The low conversion level 
was attributed to inability of the 
yeast to tolerate high alcohol con¬ 
centrations. Whey with its lactose 
hydrolysed can use non-lactose 
fermenting organisms such as 
Saccharomyces ceremiae^ which is 
used in the production of wine and 
beer because of its ability to withstand 
relatively high alcohol concentra¬ 
tions. 


The use of lactose hydrolysed milk 
modifies the process of manufacture 
of various cultured products. The 
rate of development of acid increases 
and the time of curd formation 
decreases by the use of lactase trea¬ 
ted milk. Yogurt prepared from 
lactase treated milk takes less time to 
set because of faster acid develop¬ 
ment. The improvement in the quality 
of cultured products (cheese, yogurt) 
IS supposed to be due to the increase 
in the levels of cn/.yme released by 
higher bacterial population when 
glucose is available as a result of 
lactase treatment. 

Despite the versatile applications 


oflactase in dairy indusiry, its utili/a- 
tion has been hampered by the high 
cost of the enzyme. However, recent 
developments in immobilized enzyme 
technology holds potential for success¬ 
ful use oflactase in dairy industry by 
significantly reducing the cost, as 
it permits the reuse of enzymes. 

H.P.S. Makkar 
O P. Sharma 
S.S Negi 
Sarnfists 
Indian Veterinary Research 
Institute 
(Regional Station) 
Palampur (H.P,) li'fi 001 


NEWS AND NOTES (Continuedfrom page 196) 


Solar eclipse 
affects plants 

A team of plant biologists consis • 
^ ting of Prof. G. P. Mishra, 
N.K. Soni and A.S. Mishm along 
with their U research associates 
''arried out a series of expenments 
from 12th Feb. to 20th Feb. 1980 in 
order to study the effect of solar eclipse 
on plants at the University of Saugar, 
Sagar. Experimental sets covered 
such aspects as opening of flowers, 
seed germination and embryological 
changes in garden plants (Salacia 
coromandelica and Argemone mexi- 
cana-S.M. Kazmi, Pisum salt- 
Linum vsitatissimum and Den- 


drocalamus structus — A.K. Khcr 
and Kalpna Mishra); endogen¬ 
ous respiration, mycelial growth 
and combinations of difTerent .strains 
of fungi (Botryodiplodia theobromae 
isolates—S. M. Kazmi; Humicoh 
insoiens and Sporotrkhum thermo- 
phile—VeensL Trivedi, Phytoph- 
thora parasitica — Satisb Chile; 
Rhizopus sp. and some sterile mycelia 
—Nccraj Saxena); development of 
pigments (Euphorbia geniculaia— 
Mala Saraf and Satish Chile); 
pollen germination and tube develop¬ 
ment (Ela Tiwari); cytological 
observations (Allium cepa and A. 
sativum — Prcmalta Oswal); plant 
height and flower cycle (Asbutosh 
and Amitabh) 

Some of the most remarkable 


observations arc as follows ' 

1. Sudden increase in height of 
tested plant spcacs, 2. Decrease in 
chlorophyll content, 3. Initiation of 
sporulation in one of the tested fun¬ 
gal sterile mycelia, 4. Suppression 
of fungal growth and rate of respira- 
jion, and 5. Complete inhibition of 
spore germination of thermophilic 
fungi during partial eclipse while 
stimulation during totality. Other 
observations and scientific data are 
in a state of analysis and will need 
some time in their interpretation by 
workers. 

G.l?. Mishra 
Head^ Deptt. of Botany 
University of Sau^ar^ Sugar (M.P^^ 



Wet dehulling process for 
sesame seeds 



Pepper processing 
unit 

T 'HE Ccntial Food Technological 
Research Institute (CFTRI), 
Mysore, has prepared a project report 
on the establishment of a pepper 
powder processing unit for a public 
sector organization in Kerala. 

India has been exportiug pepper 
powder mostly to countries in West 
Asia; during 1977-78 44,500 kg of 
the powder valued at Rs. 1.2 million 
were exported. The demand for pep¬ 
per powder in the domestic and in¬ 
ternational markets is growing. The 
brands with assured and uniform 
quality have special advantage in 
world markets. 

A large share of the black pepper 
exported from the country is reported 
to be processed in the importing 
countries and sold to the ultimate 
consumer as pepper powder in unit 
packs. 

The proposed pepper powder 
manufacturing unit will have an 
installed capacity of processing one 
tonne of black pepper per day. 


T he Central Food Technological remove the cuticle, which imparts a 

Research Institute (CFTRI), My- dark colour and bitterness to the 

sore, has developed a wet dehulling product. The traditional practice of 

process for easy removal of the husk dehulling the seeds is by soaking the 

from sesame seeds, thereby making seeds overnight in water, followed by 

it possible to obtain from them a partial drying and rubbing against a 

good-quality oil and meal. rough surface. This is laborious, time- 

High-gradc sesame oil can be consuming, and is suitable for hand- 

obtained from dchulled seeds. The ling only small quantities, 

protcin-rich cake Hour is useful for In the CFIRI process, the seeds 
enriching various food preparations. are prc-cleaned in a machine and then 

Nearly 77 % of an estimated an- chemically treated, washed and dc- 
nual production of 4,00,000 tonnes cuticled. The wet dehulled seeds are 
of sesame seeds in the country is used dried mechanically, 
for oil extraction, and some (quantity All the major equipment includ- 
is used in a variety of sweets, con- ing units for precleaning, dehulling 

fectionery and bakery products after and destoning, and the drier are in¬ 

removal of the fibrous husk. The digcnously available, 
seeds are required to be dehulled to 


Neem put to new uses 

S CI ENTISTS at National Chemical some moths cause severe crop losses. 
Laboratory (NCL), Pune, have prevention of egg laying by them on 
isolated from neem a certain frac- crops or stored commodities would 
tion which prevents egg laying by save them from insect damage, 
some insects completely. Applica- Neem seeds and leaves are known 
tion of the active component has to possess medicinal, insect repellent 
been found to completely prevent egg and other beneficial properties. NCL 
laying on treated surfaces by the po- findings have identified new neem 
tato tuber moth and some species of products which by themselves, or in 
mosquitoes. The discovery is a signi- combination with other neem com- 
ficant breakthrough because it is the ponents, could provide safe and en- 
larvae emerging from the egg which vironmentally acceptable effective 
cause all the damage in case of pota- pest control agents. Field trials 
to tuber moth and similar insects like against potato tuber moth and other 
butterfly and other moths. Since crop pests are already in progress. 



MICROWAVES by K. C. Gupta, 
fyHey Eastern Ltd., Darya* 

gaiy, New Dclhi-110002, 1979, 

Pp. 242, Rs. 16.50. 

P LECTROMAGNETIC waves 
^ with frequencies varying from 
100 Me to 300 Me or with wave¬ 
lengths in the range 3 cm to 30 cm 
are referred to as microwaves. The 
generation of these very high fre¬ 
quency waves becomes difficult by the 
conventional electron tubes especially 
in view of the transit time effect. 
This necessitates the designing of 
special type of tubes for operation 
at and generation of microwave 
frequencies. These tubes include 
the multicavity and reflex klys¬ 
trons, the travelling wave tube 
(TWT), the back ward-wave oscil¬ 
lator (BWO), and the magnetron. 
These various types of tubes are 
discussed in Chapter 3. 

Chapter 1 gives a brief intro¬ 
duction to microwaves and their 
potential applications. A brief review 
of transmission lines, wave guides 
resonant cavities is included in 
Chapter 2, which also discusses the 
electro-magnetics of waveguide and 
cavity resonators in terms of Max¬ 
well’s equations. Description of im¬ 
proved solid state devices for oper¬ 
ation at microwave frequencies forms 
the subject matter of Chapter 4. 
Various devices discussed in the 
chapter include GaAs Schottky- 
barrier gate field effect transistor 
(MESFET), transferred electron 
devices (TED) including Gunn dio¬ 
des, IMPATT (Impact Avalanche 
Transit Time) and TRAPATT (Trap¬ 
py Avalanche Transit Time) devices. 


The anal^s of electrical net¬ 
works at lower frequencies is gener¬ 
ally carried out in teims of an im¬ 
pedance or an admittance matrix 
which uses KinchhofTs laws and 
voltage-current concept. However, 
conventional definitions of voltage 
and current become vague at micro- 
wave frequencies. Therefore, for the 
analysis of microwave networks, an 
alternative scattering matrix formu¬ 
lation is resorted to. A concise 
account of this formulation appears 
in Chapter5 which also includes a 
few representative expressions of 
scattering matrices for networks of 
practical interest. 

Microwave measurement techni¬ 
ques are described in Chapter 6. 
These include methods of measure¬ 
ment of impedance and power as also 
microwave frequencies. Chapters 
7 to 9 contain discussions regarding 
some sophisticated microwave cir¬ 
cuit components. The three chiefly 
used passive circuit components, 
namely, impedance, transformers, 
filters and directional couplers are 
described in Chapter 7. The non¬ 
reciprocal ferrite components, e.g., 
isolators, circulators, switches 
and modulators which are based for 
their action on the phenomenon of 
Faraday rotation in ferrites, are 
included in Chapter 8. Also discussed 
arc Yttrium iron garnet (YIG) 
resonators which find extensive 
use in tunable microwave filters and 
solid state oscillators. 

Besides ferrites, some of the 
microwave systems use PIN diodes 
(these diodes have an intrinsic layer 
of high resistivity placed between a 
p-type and an n-type of layer). Use 
of these diodes as control emnpo- 
nents such as switches, phase shifters, 
attenuators, modulators and limi¬ 
ters is described in Chapter 9. Also 
included is the use of transferred 
electron devices and GaAs field effect 
transistors in ultmfast logic circuits. 
These circuits ttaplay snb-nanose- 
eond pulses with major part of their 
frequency spectrum lying in the 


microwave range. 

Microwave integrated circuits 
(MIC) in use today arc mostly of 
hybrid nature. A concise account of 
hybrid MiC technology along with 
the description of some planar 
transmission lines is presented in 
Chapter 10. The normally^used lum¬ 
ped elements (e.g., resistors, inductors 
and capacitors) cannot be directly 
used at microwave frequencies because 
their size becomes comparable to 
the wavelength. Now it is possible to 
design and fabricate small sized lum¬ 
ped elements too, thanks to the 
photolithography and thin film tech¬ 
nology. This forms the theme of 
Chapter 11. 

The concluding Chapter 12 
discusses some of the interesting 
applications of microwaves in non¬ 
communication areas as distinct from 
their conventional applications in 
radar and communication systems. 
These are industrial, scientific and 
medical applications of microwaves. 
Some of the industrial applications 
include thickness measurement of 
wire diameter and monitoring and 
measuring of moisture content in 
paper and textile industry. Also 
discussed are applications of Doppler 
motion sensors and of microwave 
heating. The latter is based on the 
principle of dielectric heating and 
finds extensive applications in micro- 
wave ovens for cooking and in medi¬ 
cine for diathermy, cancer treat¬ 
ment, etc., where it is required to 
produce heat directly inside the 
muscles without heating the tissues 
and the skin outside. 

The book uses simple and lucid 
language. Presentation of the test 
material is generally good. Com- 
plicated mathematical details have 
been avoided. Bibliography giving 
references to other souite material 
pertaining to the topic has been added 
at the end of each chapter. Moreover, 
to increase readers’ understanding of 
a topic, a set of problems is included 
at the end of each chapter. However, 
in q>ite of all these plus points, the 


»OOK RFVIFWS 


book suffers from nway priating 
errors. Indeed some grave errors have 
crept in Chapter 8. For instanee, the 
Larmor frequency in Eq. (8.4) is 
defined asax, ^ plPol but /?is not de¬ 
fined in the text In See. 8.3 the para¬ 
meters /i, ^nd /it arc wrongly defmesd. 
In another section 8.10, the sentence 
‘These garnets show ferromagnetic 
properties similar to ordinall^ ferrites’ 
is erratic for ferrites arc known to 
exhibit ferrimagnctic and not “ferro¬ 
magnetic” properties. A thorough 
overhauling of the book is therefore 
warranted Nevertheless the book is 
useful for the students of physics 
and electrical engineering as also 
for engineers engaged in research. 

P. K. Mukhijuee 

VIKW FROM KANYA by W. 

S. Titus, The f/ouse of Letters, 1368, 
Kashmere Gale, Delhi, Rs. 22.00. 
LTIMATF^. science is the begin¬ 
ning of pt)Ctry, many have be¬ 
lieved. Poetry and science, to a com¬ 
mon man, however, arc miles apart. 
They have nothing in common is the 
general belief. Bui, what happens 
when a science communicator turns 
a poet? A good many of us will 
hold our breath and say that the 
result will neither be science nor 
literature. It is not always so. There 
are some exceptions. One such 
exception is W.S.Titus, the well- 
known science communicator. He 
writes poems with as much ease as 
he communicates science to laymen. 
Though there is not much room for 
emotions and feelings in science 
writing, he more than makes up 
in his poems. He is a man of sensitive 
vision and expressive emotions, 
Titus turns to writing poems when 
he finds life disgusting and nature 
stimulating him into a new dream 
land. View from Kanya is the secont 
collection of his poems. The poem 
are brief, brisk and touching. The 
arouse sentiments in readers at . 
clearly bring before their eyes tl ' 
beauty of nature and imperfecttoi . 
of man. 


NUMERICAL SOLUTION OF 
DIFFER ENITAL EQUATIONS by 
M.K. Jain, fVi/ey Eastern Ltd., 
4835/24, Ansari Road. New Dclhi- 
II0(X)2, Pp. 443, Rs. 80.00. 

IT is said the difference between 
^ a mathematician and a statisti¬ 
cian is that the former makes state¬ 
ments of the type “if a then b'’ and 
the latter “if a then almost b ’. The 
topic of the book under review is 
one of those areas where the mathe¬ 
matician IS unable to make any asser¬ 
tions and statistician’s approxima¬ 
tions are the best that one can expect. 
Many ditTerenlial equations that 
scientists d^^al with cannot be solved 
analytically and the calculus of finite 
differences is often resorted to 
obtain the numerical solution. This 
topic is usually confined to one of 
the last chapters in the text-books at 
the undergraduate level. But here is 
a book which exclusively deals with it. 

The first chapter is a brief ex¬ 
position of the basic concepts invol¬ 
ved in the calculus of finite differ¬ 
ences in general andnumericalintegra¬ 
tion in particular. Only these have 
been used in the subsequent chapters 
and the book is self-contained in 
this sense. 

The single step methods approxi¬ 
mate the solution using the related 
first order difference equation. The 
simple methods based on Taylor’s 
expansion and Runge-Kutta app¬ 
roach fall under this category, which 
have been discussed in the book, 
among others. In contrast, the more 
complicated methods, which use 
the approximations obtained at ini¬ 
tial steps in the subsequent steps to 
improve, the reliability, have been 
discussed in a separate chapter. The 
approximations used in numerical 
methods induce some error in the 
solution. It is desirable that 
accumulation of this error does not 
assume menacing proportkHis. This 
property' of stability has been analy¬ 
sed for all the methodic 

The tricks invoiced in the wq pim Dt- 
ment of the differential equation given 


the boundary conditions by a set of 
difference equations, which, in turn, 
is ‘ dved by various methods have 
bee. explained adequately. The next 
three chapters have been devoted to 
the >ludy of difference methods for 
solving three specific types of differen¬ 
tial equations, parabolic (e.g., 
classical heat-flow equation), hyper¬ 
bolic (e.g., vibrating string equation) 
and elliptical (e.g., Dirichlet pro¬ 
blem), which scientists come across 
very often. Finite element methods 
use polynomials as approximating 
functions instead of difference 
analogues and are easier for com¬ 
putational purposes- The last chapter 
is a study of these methods. 

The prominent feature of ti:c book 
IS its exhaustive bibliography. It 
also contains abundant examples, 
some solved to illustrate the methods 
and some for the readers to try. The 
basic concepts, however, have been 
explained sketchily and unless one is 
familiar with the material in the 
standard undergraduate textbooks it 
is difficult to comprehend the book. 
A good one for the specialists in the 
field. 

Ravindra R. Ranade 
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1. MACMILLAN BRAIN- 

TEASERS : MATHS by R.C. 
Singhal, Macmillan Co. of 
India, 2/10, Ansari Road, Darya- 
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Rs. 6.75 

2. A HAND BOOK OF SYSTEMS 
ANALYSIS by John. E. Bin¬ 
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address as above)], Pp, 229. 
£ 4.95 

3. ESSENTIAL SOUD MECHA¬ 
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MEDICAL NOTES {Continued from page 108) 


It is evident that basic under¬ 
standing of the exact mechanism in¬ 
volved in the inhibition of kidney 
tumor will further unfold the possi¬ 
bility of actinomycins and related 
compounds in the inhibition of many 


FOR HER {Continued from page 

new drugs should be marketed under 
their generic names only, is a boon 
to the consumer. In regard to drugs 
already marketed, the Goyernment 
had some time back announced its 


other types of autonomous and un¬ 
restrained tumors. 

Anjana Sharma 
Microbiology Department 
All India InstituU of Medical 
Sciencesy New Delhi 


20r,) 

intention to permit the sale of only 
generic Versions of five drugs—as¬ 
pirin, analgin, chJorproma/ine, fer¬ 
rous sulphate and pipera7ine. How¬ 
ever, this new regulation has still not 


and 

Arvind Ktmar Rai 
Microbiology Di vision 
National Institute of 
Communicable Diseases 
Deihi-Um4 


been implemented on account of 
various legal requirements. 

Thankamma Jacob 
Ijtdy Irwin College 
New DelhhlUmi 


SCIENCE FOR 7'HE YOUNG {Continuedfrom page 202) 


8. 1 Angstrom is equal to : 

(a) 10"*^ cm, (b) 10"** cm, 

{c^ 10"*^ cm 

FiFG gives information about : 
(a) heart, (b) brain, (c) lungs 


10. Ultrasonic has frequency , 

(a) greater than 20 KHz., (b) 
less than 20 KHz., (c) less than 
20 Hz. 


pRADiP Kumar Datia 
Institute of Radio Physics Electronics 

02 y A char] a Prafulla Chandra Road 
Calcutta-7mm 


ABDUS SALAM {Continued from page ITiS) 

calls clectro-weak\ Salam believes interaction to the *clec.tro-weak\ shown to be mere mainfestations of 

that a further extension of the gauge Last to follow will be gravity when an all-inclusive entity, 

principle is likely to relate the strong all the four forces of nature will be 



SCIENCE FOR THE YOUNG 


Answers ami solutions 

Sohifions fo bmlii teii<»ers 

1 Sec I ig, 3 

2 Sec lie 4 

3, lit he first motorist takes/hours 
to reach his destination, the total 
distance covered by him to the 
destination is 36 / As the second 
motorist lakes two hours more, the 
distance travelled by him is 30 
(t+?). The two distances are obvio¬ 
usly equal i. c. 36 t ^30 (/ + 2) giving 
/=;r=;o. So, the first motorist took 10 
hours to reach the destination. Both 
therefore started at 9 A.M. The 
distance travelled by them to the 
destination is 360 km. 



FIr. 3 


Answers to science quiz 

l.(c)2.(b) 3.(c) 4.(b) 5.(a) 6.(c) 7. 



Fig. 4 


8.(c) 9.(b) iO.(a) 
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Vipers 


Sir, "The familv VipvrUfue con- 
stilutcs the mrsi feared and dread¬ 
ful poisonous snakes, ptipularly 
known as vipeis. The general 
classification of familv Vipiriilac is 
given in ihe wcH-knv-vvn b«>t)k by 
IV.I Deoras {Snakes oj India. 3rd 
cd , l‘^7K. N IJ I , Nevv Delhi). 

In India, most viper species arc 
pit bearers and iferefore, known as 
pit vipers In I he family \ ipcridae^ 
there arc two sub-families of which 
siih-family Ctotalidae (which con¬ 
tains a large number of genus) con¬ 
tains .pit vipeis. 

Not all pit vipers are high alti¬ 
tude snakes; for example, the bam¬ 
boo pit \iper (Harnag, Trimeresurus 
^niminei4s) is common in regions of 
thick bamboo growih in peninsular 
India Hovvever, the Himalayan pit 
v.pei { Am t St radon ~ htmatoyansis) 
is distributed in the hilly regions in 
the north and eastern parts of Irdia. 

In inn article How vipers see in 
the dark [S R.. October 1979) it has 
been inadvertently stated that ail 
members of the family Vtperidac are 
pii bearers. 

A.K. Mmty 
JAc;i>r.i p Saxf na 
Department of Zootomy 
University of Allahabad 
A Hahahad- - / Idih* 

II 

Sir, We refer to How vipers see in 
the dar^f^V,^.K. Maity and .lagdeep 


One look at the evolution 
chart of snakes tells us that the 
family of vipers (Jdperidae) has 
two sub-families—the Viperinae to 
which both tlie Russells viper 
{['ipcra nt.ssellfi) and the saw'- 
scalcd viper (hchis earinatus) 
belong. The pit vipers belong to the 
sub”familv ( rotahdue covering genera 
Aykistiodon and Tt imeresurus. It 
is only in the Crotalidae that the pit 
organs arc found. Both the Russells 
and the saw-scaled vipers do not 
have any pit organs. Three species 
are found in the Viperidae and six¬ 
teen among the Crotahdae in India. 

The authors probably have 
blown sand boa (/Vrv johmi) m 

mmd while mentioning Dumuha. 

The resemblance of the head and tad 
in A. johnii is part of the specie 
defence mechanism, while A. conicus 
(common sand boa) depends 

upon Its camouflage patterns 

to survive. Eryx eonicus. as the name 
describes is a boa with a conical 
tail (which does not resemble its 
head and be mistaken for a Dumuhaf 
The common sand boa is quite 
similar in appearance to the Indian 
rock python {Python molurus) and 
is known as Chote ajgar in Hindi, 
The pit organs found on the Boidae 
are called “apical pits." 

The authors have measured 
the sensitivity of the pit vipers’ 
thermoreceptors as 1/300th of a 
degree Celsius but do not mention 
the range of this sensitivity. The 
degree of sensitivity usually varies 
with the distance between the object 
and the observer. Pit vipers are 
usually found on hills and mountain 
slopes. The mountain air gets fairly 
cooled in the night and helps this 
nocturnal sub-family locale warm¬ 
blooded prey who must maintain a 
cop-stanl body temperature. 

I hove observed pit vipers 
hunting their prey successfully in 
the hills m which their longue was 
rarely used. On cooler nights 
(not cold wintry nights, when most 


range of pit vipers increases com 
pared to when they are hunting on 
Jess cool nights. The same pit vipers, 
when brought down to the v\arm 
plains, used their tongue as often .i'. 
other specie.s found on the plains. 
It is the difference between atoms- 
phenc and the ^arm-blooded ani¬ 
mals’ constant temperature which 
help the pi* vipers sense (heir sur¬ 
roundings. 

The autlurs hope that the 
discovery of the marvels of nature 
could perhaps (emphasis nunc) he 
used for human “welfare “ The only 
example we have of thermoreceptors 
being used by humans is m war- 
l‘a re". 

RAMI SH Ut I AM 
Asst. Education Offner 
Word Wddlife fund 
Maha*ashtra di (ion 
falbauy. Pare I 
Bombay- lfd)niy 

Nitrogen fixation 

Sir, In the article Biological 
fixation of nitrogen by legumes {S,R., 

Sept. 1979), the information given is 
quite interesting but preliminary. 
It does not cover the recent develop¬ 
ments in dinitrogen fixation by 
legumes. I wcmld iiki to add some 
points. 

Next to water, nitrogen is the 
most common limiting nutrient in 
agricultural soils. The largest pro¬ 
portion of this agriculturally useful 
nitrogen fixation is associated with 
the legume-rhizobium symbiosis, 
which is quantitatively the most 
important agency by which this 
element is incorporated into the 
biosphere and is the principal process 
for maintaining N... fertility in agri¬ 
culture. It is recognized that as :in 
alternative to the Haber proves ^ 
which is capital and energy inten¬ 
sive, the agricultural economy can 
depend more extensively on biologi¬ 
cal Nt fixation, a process which 
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The role of leghaemoglobin in 
nitrogen fixation, i.e., by scavenging 
the O 2 from the site of fixation is 
still under dispute. 

Until 1975, it was thought that 
rhizobium could fix nitrogen only 
after transformation to a bactcroid 
in its symbiotic relationship with a 
legume. However, there are 
evidences from many labora¬ 
tories, proving their in vitro fixation 
of molecular nitrogen, especially by 
the isolates of cowpea group, i.e., 
it could fix Nj in its free-living state 
itself, proving that they carry all 
the genetic information necessary for 
fixation. 

The cross-inoculation groups on 
the basis of which we make commer¬ 
cial inoculants for different types of 
legumes arc not given in the article. 

Nitrogenase, the enzyme res¬ 
ponsible for biological N.^ fixation 
consists of two proteins which arc 
irreversibly damaged by exposure to 
oxygen. Both proteins contain 
iron and comparable amounts of 
labile sulphur. The larger protein 
also contains molybdenum and 
IS known as the MoFe protein 
(Component 1) or molyhdoferredoxin 
while the smaller protein is known 
as the Ke protein (Component II) 
or azoferredoxin. 

The genes responsible for Nj 
fixation are called nif genes. The 
first successful genetical experiments 
on Na fixation were reported in 
1971. 

The best hope for an increase in 
agriculturally useful biological N, 
fixation lies in improving the legume- 
rhizobium symbiosis. Another 
possibility is the genetic improve¬ 
ment of rhizobia. This might be done 
by deactivating the control of nitro¬ 
genase synthesis by ammonia so 
that the rhizobia in symbiosis con¬ 
tinued to fix Nj even when fertiliser 
N was added making optimum use 
of the fertfliscr. 

R. Kasturi Bai 
Sri Parasakthi College for 
Women, Courtallamy KeralQ-S27S02 


Deadliest animal 

Sir, I read with much interest 
World’s deadliest animal (5./?., Aug. 
1979) by Samir Kumar Ghosh. He has 
mentioned that Chironex fleckeri 
is the world’s deadliest animal. But 
recently it has been discovered that 
a small, colourful, winged octopus 
found along Australia’s beaches and 
waterways and off the. coasts of Sri 
Lanka and Japan may be the deadli¬ 
est creature in the world. Although 
it rarely exceeds 10cm in length, the 
animal octopus maculosus carries 
enough toxin to kill ten men. “This 
octopu.s IS more deadly than the 
cobra or any other creature”, said 
Melvin Howden, a chemist at 
Macquarie University in Sydney, who 
has been studying the octopus toxin 
in an attempt to devcolp an 
antidote. 

The octopus first came to the 
attention of scientists in 1969, when 
a 23 year old Australian soldier died 
within an hour after being bitten by 
a specimen he picked up on a Sydney 
beach. Its brilliant colours make 
this species of octopus easy to 
recognise. From his research so far, 
Howden has concluded that the 
octopus toxin is not a protein. No 
one knows what the compound is. 
It is water soluble. 

A.K. Rajan 
Asstt, Prof, of Zoology 
A.T.S.A. College^ Thiruppathur 
Ramnad District^ Tamil Nadu 

Tanker accidents 

Sir, In connection with the arti¬ 
cle Oil pollution of the oceans {S.R., 
April 1979) by S.P. Fondekar and 
Sengiipta, H. Shanmukhappa in his 
letter ‘Prevention is better than cure’ 
{S.R., Oct. 1979) has drawn the 
attention to the Tprrey Canyon 
disaster on March 18, 1967 in which 
1,17,000 tons of crude oil was spilled. 
However, th.e mishap of the sup>or 
tanker Amoco Cadiz near Portsall 


on March 16, 1978 was of a grea¬ 
ter magnitude. About 2.574 x 10® 
litres of precious oil was spilled, 
which caused widespread devasta¬ 
tion of the shoreline, much to the 
chagrin and inconvenience of the 
authorities and the inhabitants. 

S. K. Gurtu 
Defence Science Lab. 

Metcalfe House 
Delhi-110051 


Explosions of the galactic nucleus 

Sir, S.K. Karanjai and S.K. 
Barman in their interesting articles 
Energy for explosion of galactic 
centre (S.R., October 1979) and 
Explosions at galactic centre (5.R., 
January 1977) have explained various 
aspects of the 3 kilo parsec arm, now 
considered to have been formed due 
to an explosive activity, at the cen¬ 
tre of our galaxy some 2x10’ years 
ago. 

The authors should have also 
mentioned explosions in extragalac- 
tic sources. All normal galaxies, it is 
believed, have experienced enormous 
explosions. Seyfert and radio galaxi¬ 
es and Messier 82 provide ;jtJthentic 
cvJdence in this direction. ^ 

S.K. Gurtu 


Suggestion 

Sir, Recently 1 happened to get 
a copy of S.R., a magazine exclusi¬ 
vely devoted to .subjects of scientific 
interest. 1 founc A very useful and 
interesting. But foi a student of any 
discipline other than science, it is 
difficult to understand most of the 
articles. Those who have not 
made a specific study of science arc 
not supposed to understand the basic 
terms of science. I think it would 
not be wrong to say that many 
people arc deprived of the pleasure 
(Continued on page 287) 
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Planets and 
their positions 

May 1980 



SATV/iH ^ 


The moon 

EW tnoon occurs on 14th at 
5.30 pm and full moon on 30th at 
2*58 ain I^S.T. The moon passes eight 
degrees south of Venus on 17th, about 
a degree south of Jupiter and half a 
degree south of Mars on 22nd, and 
very close to Saturn on 23rd. The 


after the new moon day in the even¬ 
ing of 15th. 

The moon is at perigee or nearest 
to the earth on 12th and a! ap<)gec 
or farthest from it on 24th. 

The planets 

Mercury (Budha) is too near the 


quarleiN ('(f (he month It mi 
iur coiifLinction with llu* num on 1 hh 
rhercaher. it leappcars as an even 
ing stai and sets about an hv>ur aficr 
sunset It moves from Aries ( A/i*s/;n) 
to Gemini \Mnhuna) thn^iigli I au 
rus {\'nshu!) Its visi/a) magnitude 

vanes trorn - I ^ l<» 0 4 

Venus \Sukr<i) an eveiunt’ siar 
visible on ihe western hon/on. sets 
about thiee hours alter sunset during 
the tirsl hall <>1 the month and about 
two houis altei it dunng the >eeond 
hall It IS at the greatest bi lhanev on 
Oih It becomes rctiograde ‘>n 25th 
It moves from I'.tuius (\ n<}us] to 
Cienini) ( \ Its M'sua) magrO' 

Indt Is about 4 2 

Mars {Mufiyafa). osihlc- in (he 
cxemng sk > , -cts aboui one am! a 
huh lioum after UKai midiacht <!n; 
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\ photo-montage showing the eclipse from beginning to end 


THE 

TOTAL 


I T was mid-afternoon on Saturday, 
16th February, 1980. We stood 
on the terrace of our hotel in Puri 
facing the partially eclipsed sun—now 
only a thin crescent—in the western 
sky. In a few more minutes the moon 
—slowly creeping up from below— 
would cover up the solar disc heral¬ 
ding the beginning of “totality”. 
We wailed expectantly. There was 
a patch of cloud near the sun; but 
it soon melted away. Then we saw 
it coming—‘the dark shadow of the 
moon—from the distant southwest 
horizon over the sea. In a moment 
It was upon us. Suddenly it w^as 
darkness all round. It was so dark 
I had to use a flashlight to set the 
camera shutter. It looked as if some 
magical hand had switched off the 
daylight. We could feel a sudden 
drop in temperature. 


not there. In its place hung a black 
disc with a faint bluish pink halo of 
the solar corona around it. At many 
points along the rim of the dark 
disc could be seen minute red flaming 
longues of solar prominences. It was 
an unforgettable sight. 

Higher up in the now darkened 
inky-blue sky, we could see the 
planets Mercury and Venus shining 
brightly. Most of the brighter stars—r 
Capella, Dcneb, Aldebaran, Fomal- 
haut and the beautiful Pleiades clus¬ 
ter—could be seen clearly. The sky 
on the northeastern horizon glowed 
with a soft orange colour, as if dawn 
was near. 

But the darkness was short-lived; 
it lasted only a Ijttic more than two 
minutes. Soon, small dots of light— 
called Baily's Beads—appeared on the 
lower edge of the dark sun. In the 


Article and photographs 
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flash as the sun’s photosphere came 
into view from behind the moon’s 
disc, forming a celestial “diamond 
ring”. The darkness vanished as 
suddenly as it had come The solar 
crescent grew fuller and brighter 
and it was day again. 

What we had just witnessed was 
a total eclipse of the sun—one of the 
grandest spectacles of nature. Such 
eclipses are not quite uncommon 
(they occur once in about every 18 
months or so), but this particular one 
was of special interest to us in 
India. It was the first total solar 
eclipse of this century to visible over 
the Indian mainland. The last time 
it was on January 22, 1898. Another 
significant fact was that in India, its 
“path of totality” lay over populated 
and easily accessible places. This 
proved to be of great advantage to 



from all over the world to study the 
eclipse. They could get all the 
necessary facilities to set up their 
instruments locally. 

While for most amateurs like me 
the eclipse offered a rare opportunity 
to see the ‘once-in-a~Iifetime’ event, 
for astronomers and astrophysicists 
it was another chance to peep into 
the secrets of the sun, which they do 
by studying the solar chromosphere 
and corona during totality. Thou¬ 
sands of scientists from India and 
countries as far apart as the United 
States and Japan utilized the oppor¬ 
tunity to make intensive studies of 
the sun’s corona and chromosphere 
which are visible only during a total 
eclipse. Experiments were carried out 
at 15 ‘eclipse camps* set up along the 
1,500 km path of totality (which 
stretched from Gokarana in Karna¬ 
taka on the west coast to Konark in 
Orissa on the east coast) and about 
100 other centres spread over the 
country. Clear skies and fine weather 
all along the path of totality helped 
the scientists gather a wealth of data. 

While processing of all the 
data would take months, one 


of the first findings to come 
from these observations was that the 
sun’s corona was extraordinarily 
bright on the day of the eclipse. 
This made the ‘false’ night at 
totality less dark than expected. The 
photographs also revealed that the 
corona was compact and evenly 
spread around the solar disc as was 
expected during this year of maxi¬ 
mum solar activity. At the time of 
of the eclipse a large sunspot could 
be seen near the right limb of the sun 
even with the naked eye (of course, 
when seen through special filters). 
(Two days before the day of the 
eclipse as many as three sunspots 
weie seen.) 

One of the most interesting ex¬ 
periments conducted during the 
totality concerned search for 
possible ‘rings’ around the sun like 
the ones around Saturn, Jupiter and 
Uranus. Scientists of the Indian 
Space Research Organisation took 
infrared ‘scans’ of the eclipsed sun 
to find that out. 

Rockets carrying scientific pay- 
loads were fired from three centres— 
Thumba (Kerala), Sriharikota 



Celestial ^'diamond ring’* marking end of 
totality 


(Andhra Pradesh) and Bala so re 
(Orissa)—to study changes in the 
earth’s environment during totality. 
While the launchings from Thumba 
and Sriharikota were successful, one 
of the important scientific experi- 
experiments to measure positive ion 
density in the upper atomosphere 
failed because the second Rohmi- 
200 rocket launched from Balasorc 



Tlie sohur corona. The inteiisity of the corona Is not uniform all through. It decreases sharply outward from the solar surface. 
These photographs taken with different shutter speeds (i<//-1/60 sec, rightA sec) show the extent of the different regions 







The camera set-up 


needn't have expensive 
^ telephoto lenses to photograph 
an eclipse. All the photo¬ 
graphs in this aiticle were 
taken with the improvised set-up 
shown above. A 8x30 prismatic 
binocular was hooked up with a 
twin-lens reflex camera in place of 
a telephoto lens. The exposure was 
calculated by the formula; 

AXC/B:=.f 

where A and B are the magnification 
and objective lens diameter res¬ 


pectively of the binocular and C the 
focal length of the camera lens 
The f-number for the above set-up 
came to about 22. 

The filters (the dark square box¬ 
like objects in the front) were made 
by exposing to daylight and develo¬ 
ping a 400 ASA black-and-white 
film and mounting cut pieces of it 
between two glass layers. The filter 
was used for all the photographs 
(except those of the corona) and the 
exposure in each case was the same 
(I/125th sec). The corona photo¬ 
graphs were taken without filter. 


lost contact with the ground station 
30 seconds after launch. 

As physicists and astronomeis 
were busy studying the eclipsed sun 
and its effects on the earth's atmos¬ 
phere. teams of biologists looked for 
unusual behaviour of plants and 
animals (and even humans) during 
the totality. As anyone who had seen 
it once would know, the swift onset 
of darkness at totality can be terri¬ 
fying to the uninitiated. If animals 
and birds behave erratically, it is 
stmpiv because they get terrified 


and confused. Some plants and 
flowers which close their leaves or 
petals at night are often fooled by 
the false night at totality. But these 
are simple instinctive or physiological 
reactions and there is nothing sur¬ 
prising about it. The important point 
IS that unusual behaviour of plants 
and animals are seen only along the 
path of totality and rarely at places 
where only a partial eclipse is seen. 

Contrary to popular belief there 
were no “unusually high” tides 
during the eclipse. At Puri, the sea 


was in fact calmer than usual. The 
eclipse also did not trigger any 
earthquake as predicted by rqi^y. 

The unfortunate thing was that 
millions missed their lifetime’s 
chance to see the spectacle simply 
because of false propaganda about 
evil effects of the eclipse. People 
were so scared that they simply shut 
themselves indoors during the eclipse 
lest ‘‘rays’* of the eclipsed sun cause 
harm to them! Metropolitan cities 
like Delhi, Calcutta, Bombay and 
Madras looked like ghost cities with 
shops and offices closed, streets 
deserted and even public transport 
off the road. 

The fear was unfounded, for mere 
is no scientific basis to believe that 
the eclipsed sun is more dangerous 
than the uneclipsed one. The simple 
fact is that it is unsafe to look at 
the sun without adequate eye pro* 
tection, be it at the time of an 
eclipse or not. But it is absurd to 
think that going out in the open 
during an ec lipse can cause any harm 
(except of course if one is bent upon 
looking at the sun with the naked eye), 
With proper filters (and they are so 
simple to make) anyone could follow 
the progress of the eclipse without 
any danger as most of us, in fact, did. 

A reader’s eii^perience 

Sir, 1 left Bombay by the Bombay- 
Madras Mail on the night of 15th 
February, with the specific intention 
of witnessing the total eclipse of the 
sun enroute. According to my 
calculations. I could witness this at 
the Mantralayam station, provided 
the train ran on time and this part 
was a great gamble. It is also to be 
noted that no other train in India 
would have passed the belt of totality 
during the period the eclipse was 
total. I picked out a few young men 
in my compartment who were also 
of a scientific bent of mind, though 
they too did not know that we would 
be witnessing the total eclipse en- 
{Contmmd on page 
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S TELLAR dynamics, like rela¬ 
tivity, is essentialJy a twentieth 
century product. A notable figure 
who had a considerable influence on 
developments in both these fields 
of investigation was Arthur Edding¬ 
ton. In 1914, he wrote one of the 
first important monographs entitled 
Stellar Movements and the Structure 
of the Universe on stellar dynamics. 
Basically, the aim of that time was 
to make some inferences about the 
physical structure of stellar systems 
from the latest measurements of 
the proper motions and radial veloci¬ 
ties of bright stars. Though regarded 
as somewhat mundane nowadays, 
data of this kind were then relati¬ 


vely new and amongst the most accu¬ 
rate available to astrophysicists. They 
captured the attention of the most 
able investigators of the period, and 
conclusions reached were all beauti¬ 
fully summarised in Eddington’s 
book. It was well before astronomers 
knew about galactic rotation or 
even the general direction of the 
galactic centre, and so, easily the 
most striking effect that had emerged 
at that stage was the non-sphcrical 
distribution of nearby stars in velo¬ 
city space. This was explained in 
principle in two different ways. On 
the one hand, Kapteyn had proposed 
the so-called two stream hypothesis 
in which he supposed the solar neigh¬ 
bourhood was filled by two intermin¬ 
gling but non-interacting swarms of 


stars whoso relative motion was 
such as to cause an elongated distri¬ 
bution in velocity space. On the other 
hand, Schwarzchild explained the 
same elongation by the mathemati¬ 
cally elegant and so-called ellipsoidal 
hypothesis. He suggested that dis¬ 
persing forces acted on galactic 
motions in such a way as to cause 
stars to deviate from the mean mo¬ 
tion more on the average in one 
direction than in the directions at 
right angles. The fact that strong 
enough dispersing forces could not 
be identified was not considered to 
detract from the theory, since at 
that time, star ages were not known. 
The forces were supposed to be 


gravitational however, and there¬ 
fore not particular as to the physical 
constitution of the stars involved. 

It was generally recognized that 
the choice between these dynamical 
theories might be settled by check¬ 
ing whether there was any correla¬ 
tion between the physical attributes 
of individual stars and their posi¬ 
tions in velocity space. Unfortuna¬ 
tely this was not a simple problem 
to resolve since neither suitable 
observations nor a theory of stellar 
evolution were then available. 
Readers of his 1914 monograph will 
appreciate that Eddington took great 
care to sit on the fence in respect 
of this controversy. Ten to twenty 
years later however, he was, as far 
as I can tell, condoning the establish¬ 


ment of Schwarzchild’s hypothesis. 
By this time, as it happens, Edding¬ 
ton had moved away from the field 
of stellar dynamics and it would 
perhaps be unfair to credit him with 
too great an influence in the matter. 
Nevertheless, it is certain that the 
ellipsoidal hypothesis very soon 
triumphed. 

The events that led to this were 
the very nearly simultaneous dis¬ 
coveries of the sun’s great distance 
from the galactic centre and its 
rotation around this centre at about 
250 kilometres per second. These 
discoveries were closely followed by 
a theory of “steady state’’ gravita¬ 
tional orbits in star systems which 


Even Einstein was at first 
not completely sure of his 
theory of relativity as is 
evident from his frequent 
uses of the word ^heuristic’ 
to describe it 
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provided an explanation as to why 
they should be dispersed more in 
one direction than the other. It was 
very much *o the credit of the theory 
that the greatest velocity dispersion 
should have been in the direction of 
the galactic centre and this was in 
satisfactory accord with the observa¬ 
tions. 

But while all this was going on, 
there were other astronomers out 
of the limelight, even in the 1930’s 
and 1940’s still searching to see 
whether Kapteyn’s streams had 
different physical prcpertics. By 
1935, it was beginning to be clear 
that there really was a difference. 
Looking back with the advantages of 
hindsight, we can see such a discovery 
had all the qualities of a skeleton 


IS 

RELATIVITY 

RIGHT? 



Fig- 1. NonsAl eonfrast print of the core of the large elllptlcel galaxy and powerful radio source, Centaurus A. This shows very dearly 
the dost lanes and disc sirueture that one normally associates with typical spiral galaxies. The motions therein indicate rotation and 
probably expansion that is associated with the large-scale binary stmcture at radio wardengths not visible on this print (Copynj'hi 
Royal CNMmrmtory, EdInbgrglO 





N. Region VII. , CL'iitro li.A. 
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I iji; 2. This tlia^raiit lakcn from Kddiiif*- 
ton'K moiiof^ruph on stellard>n»niics 
illustrates a typical distribution of 
propt'r motion position angles in 
a certain region of Mie sk> for stars 
witliin a few hundrid parsecs of the 
suit, riie scaiitr si/e of the radius 
vector in each direction is simply 
proportional to the number of stars 
moving that way. Although the 
distribuiiori has the clongati'd shape 
that characterises an illipsoKlat 
distribution, it also shows signs of 
hi-lohed structure characteristic of 
Ihe two str^'ani hypothesis Modern 
.>ltstT>iiti<)ns' confirm flial (he latter 
jiropert^ is physically real 

in the cupho.nii. huf js i; turru’d out, 

I he bones were not rallied ioud!\ 
cnoueli by those m lire know' to stop 
ravlio rouorueis of the 
and later theorefitians taking over 
Ihe ellipsoidal hypothesis and all its 
' onsequenees as hut of life To cut 
a long story shi^rt, it is now obvious 
that Stream I and Stream 2 diTer m 
their ages. (Stellar ages were sim¬ 
ply not known lu 1^120, bur wc now 
kn(>w that most ol the stars m the 
solar neighbourhoiHl belong io 
Streim 1 and arc relatively \oung, 
while the older (U’cs belong to 
Stream 2 ) In geaunul an age below 
OT above a lew 10^* years, segregates 
Ihe stars into Streams i and 2 res- 
puns My Whatever the motion of 
Stream I, the eloagated (iistnbutinn 
O' veivV'ds ^p.ice has !o be mte»preted 
ovfdence dial Sire on 2 is moving 
sJatfu: to St?\am I toward- the 
p.d'H’tie eenu-. 


Unfortunately, this discovery goes 
a long way ♦owards weakening the 
theory that attributes the same phe¬ 
nomenon solely to galactic rotation. 
Thus, by the theory, the older stars 
are expected to have very well mixed 
orbits and one would therefore expect 
to see as many ol‘ these stars going 
in towards the centre of the galaxy 
as there are going out. This means 
the motion of Stream 2 in particular 
IS neither in nor out vvitlr respect 
to the galactic centre. We can thus 
really understand the observation^ 
<.ndy u most of the young stars m 
the solar neighbourhood arc at 
tins moment away from the centre 
at The rather high speed of aiimnd 
40 kilt metres per second 2 hi-« is 
another way of saying that most 
of the constituents of nearby spiral 
arms, that is gas, dust and ycHing 
stars, arc part of a temporarily expen¬ 
ding system Simple calculations slu^vv 
there must then be radical change^ 
m the spiral structure m something 
like 10” years, only one per cent or 
st> of the total galactic lifetime. 
Taken al its face \alue then, the 
structure is not m a steady state and 
one of the planks supporting the 
modern theory of galaxies is severely 
undermined Now, it has to be 
admitted that this expansion is not 
yet generally accepted by today's 
astronomers extreme caution 's 
necessary when such radical pre)po.‘‘als 
arc on the cards but the \ariely of 
up-to-date evidence, radio and opti¬ 
cal, piovidmg support for the^ thesis 
IS so extensive that u has to be consi¬ 
dered a very real possibility. 

I mention all this simply to 
point out tha't Eddington, who had 
wTitten a definitive book on the 
subject, had il very much within 
his grasp to temper the 
ethusiasm with wdiich astronomers 
have gone chasing aftjr galaxies as 
if their structyie was unquestionably 
always dynamically steady. Like 
the curious incident of the dog in the 
night that did not bark, it seems 
quite remarkable that Eddington did 


not comment on what was going 
on. One could wonder whether the 
Jeans-van Maanen fiasco R. 

Berendzen & R Hart, J Hist. Astr., 
4,73,1973) had any lasting influence 
on the matter. During the I920’& 
and 1930's Jeans supported measure¬ 
ments made bv van Maanen that 
implied spiral arms were rotating 
extrenedy rapidly - periodicities as 
shoit as T)® years seemed to be indi¬ 
cated As K turned out. the measure¬ 
ments were quite erroneous and 
suggestions i.d rapid evolution of 
spiial structure became sliglitly dis- 
reput ible. Did astrune merslike Eddin¬ 
gton over-react by giving LacM a spro- 
val to steady slate schemes tor gala¬ 
xies’^ One c(vukl conclude that this 
IS the reason why later astronomers 
have gone on and on developing 
steady stale models of galaxies, 
even rhough al times, they have be¬ 
come quite desperate in their hunt 
for the dens!I n waves that I rndbUid 
-- \er\ eaih on—is(»ljted under the 
circumstances as ihc only conceiv¬ 
able explanation of spiral slruc- 
tu res 

Perliaps on the other hand, Ed 
dmgton was simply prcoccupicxi with 
other things Apart from his achieve¬ 
ments in stellar dynamics and the 
internal constitution of stars, he 
also distinguished himself m the 
field of relativity As has been well 
brought out in the centenary year of 
Einstein's birth, Eddingum played a 
quite crucial role in the advance¬ 
ment of Einstein's theories, especially 
by bringing it to the attention of 
English-speaking people He first 
got to know the general theory of 
relativity in exceptional war-time 
conditions through a contact with dc 
Sitter in Holland, and then, barely 
before the woild had settled to more 
peaceful limes, was instrumental in 
furthering experiments to confirm 
one of the predictions of Einstein’s 
theory. By the early I920's he had 
written an important monograph— 
Mathematical Theory of Relatvity^ 
on this subject as well. 













It is difficult now to assess the 
impact of all this, but wc have the 
assurance of people of the time 
that it was considerable. This may 
seem a little strange since the modern 
physicist is brought up to see 1905 
as the crucial date in the life of rela¬ 
tivity, This was certainly when Ein¬ 
stein published his first paper on 
special relativity, but it is perhaps 
not properly appreciated by most 
people today that the theory was 
not at first accepted. Indeed it was 
generally rejected by all but a few. 
The genius of Einstein was of course 
quickly recongi/ed—he clearly had 
a knack for taking mathematical 
formulations of fundamental physical 
phenomena and devising radical and 
simple new derivations of these 
formulations, often requiring basic 
new' concepts that nobody could 
gainsay. In the case of relativity, 
Einstein introduced operational 
definitions of space and time. That 
even Einstein himself was not at 
first completely sure about his theory 
is evident enough in his frequent use 
of the word ‘heuri.stic' to describe it. 
That he w'as fundamentally offended 
by operational ism as a foundation 
for physical science is amply demon¬ 
strated by his lifetime battle with 
quantum theory. But like all good 
scientists, he was content to let 
Nature and experiment be the final 
arbiter. As Einstein himself emphasi¬ 
sed, his original announcement of 
relativity did not recognise the 
Michelson-Morley experiment, and 
there can be very little doubt that he 
eventually took this to be the crucial 
demonstration of the validity of his 
theory. When he first began his 
research however, the phenomenon 
many physicists were seeking to ex¬ 
plain was the fact of Lorentz invari¬ 
ance. This had first emerged when 
MaxweE’s wave equation seemed to 
be invariant (at least, to the preci¬ 
sion of the observations) to any 
presumed motion of the observer in 
the aether. 

As is well-known, Einstein 


explained all this by invoking the 
principle of relativity, but the same 
phenomena were also explained 
within the context of Newtonian 
theory by Lorentz who argued for 
certain physical effects as matter 
moved through the material aether. 
Physicists, almost to a man, favour¬ 
ed Lorentz's. theory and regarded 
Einstein’s as mathematically neat 
but physically unimportant. Follo¬ 
wers of Lorentz, unlike Einstein, 
however, gave very little successful 
thought to the problem of explaining 
gravity within the framework of 
Lorentz’s theory. It was in these 
circumstances therefore that Edding¬ 
ton emerged with powerful support 
for Einstein's 1916 development of 
his 1905 theory to explain some 
subtle gravitational efiects which 
had not previously been understood. 
The outcome was traumatic since 
physicists found themselves obliged 
to concede the beauty of Einstein's 
theory, but at the same time, logi¬ 
cally iorced to abandon Lorentz’s 
theory and all that it stood for. 
Above all, where the world had been 
previously filled with a material 
aether which had been a kind of 
raison d'etre behind field theories for 
well over a century, they now found 
It physically empty. Moreover, 
where space and time formerly had 
intuitive meaning, one was nc^w 
obliged to accept operational defini¬ 
tions. All this was quite definitely 
anathema to physicists, so Edding¬ 
ton was at the forefront of a revolu¬ 
tion. 

It is now of course simply a brief 
incident in history when Einstein 
and Eddington between them caused 
astronomy to take over the leader¬ 
ship of modern physics. Within a 
decade, mathematical physicists had 
themselves absorbed the new ideas 
and brought them back within the 
realm of laboratory physics. As is 
well-known, Dirac applied Einstein’s 
ideas, special relativity in particular, 
to the quantum theory of atoms. The 
well-known result was paired solu¬ 


tions of positive and negative energy 
which were quickly identified as the 
electron and the then recently disco¬ 
vered positron respectively. Dirac 
then sought a physical understan¬ 
ding of these positive and mysterious 
negative solutions which, though 
exotic, has developed into our mo¬ 
dern picture involving a fundamen¬ 
tal vacuum state of zero mass. 

All these ideas are obviously desi¬ 
gned to be consistent with the aether 
of Einstein which physicists had at 
first found so appalling, but which 
has now settled into the mainstream 
of modem physical thought. How¬ 
ever, the present day surge of acti¬ 
vity amongst studies of astronomi¬ 
cal bodies in states of extreme 
gravitational collapse is now brin¬ 
ging previously untestable aspects 
of Einstein’s gravitational theory into 
the front line of developments: 
once again, astrenemy stands poised 
to take the lead even as high energy 
physicists delve deeper into the 
nucleus, seeking ever more exotic 
applications of the zero mass vacuum 
to their understanding of the struc¬ 
ture of matter. It would be tantali¬ 
zing in the extieme, to say the least, 
if these new confrontations between 
fact and theory were in the end to 
tell us that Eddington was responsi¬ 
ble for misleading us—that he had 
by his silence, not only directed 
astronomers away from Kaptcyn, 
but by his determined advocacy of 
general relativity, also directed 
physicists away from Lorentz and 
the existence of a real material va¬ 
cuum. 

Such a prospect is much more in 
sight than is generally given cred¬ 
ence at the moment. To sec that this 
is so, however, it is necessary to 
wear tinted spectacles to avoid being 
dazzled by the Big Bang. Modem 
astronomy presents us with a micro¬ 
wave background that l.orentz, if 
he were alive, would quite plausibly 
and no doubt confidently attribute to 
his material vacuum. Its measured 
velocity would quite naturally reflect 



that previously elusive concept—our 
absolute motion. Modern astrono- 
mers are also very busy hunting 
for missing matter which Lorentz 
would be quite happy to locate 
(sometimes invisibly) in this material 
vacuum. According to this picture, 
the aether particles would have a 
kind of dual character; inside, a 
very massive component which is 
both invisible and fricticnless, yet 
providing a pressure that does most 
of the work against the external 
pressure of the surrounding medium, 
and outside, a very slight shell, so 
lacking in inertia as to have no 
measurable eifects in dynamical 
experiments and so weakly energetic 
as to be bareh visible and only then 
at a very low absolute temperature. 
Recognizable material paTtieJes on 
the other hand have a quite diherent 
energy partition: a much less massive 
invisible component surrounded by 
a visible shell containing a large 
amount of eiierg>. The invisible 
components contain the so-called 
potential energy, and all states of 
matter would be in dxnamical 
equilibrium with the surrounding 
aether. 

Gravitational (and oilier) fields 
would of course represent different 
eneigy states of the material vacuum, 
and it would be very clearly under¬ 
stood that gravitalicnai collapse, 
engineered as it is by aethereal forces, 
would transfer vast amounts of 
energy from the vacuum to visible 
matter giving rise to very massive 
high red-shift “quasars” in thr cen¬ 
tre of galaxies as well as very massive 
stars in the final stages of their 
evolution. These collapsed states 
would, like particles and anti-parti¬ 
cles bound together in the vacuum, 
very probably have binary structure 
which is now very commonly obser¬ 
ved in double radio sources and other 
paired systems. The excess mass in 
quasars would of course be the 
visible “missing matter”. To be 
consistent with the observations, the 
hypeimassive state would have to 


be recognized as a temporary phase 
in the evolution of galactic nuclei. 
Each time it is formed, its huge but 
short-lived gravitational field will 
cause violent instability in the parent 
galaxy while the nucleus bifurcates 
and gives rise to spiial arms. 

One of the age-old problems with 
mechanisms requiring ejection of 
spiral arm> from galactic nuclei is 
the fact that the velocity has to he 
far in excess of the normal escape 
velocity. Since it now lakes place in 
the presence of a ternpoiary hyper- 
massive state, rhearmsremain hound. 
These spiral arms would each time 
expand away from the nucleus ot 
the galaxy and probably later, fall 
back towards the centre. With this 
understanding of modem observa¬ 
tions, It would he impossible to 
treat galaxies, at least in the short 
term, as steady slate systems— 
they would be subject to really violent 
upheavals. Two peculiarly Lwcntieth 
centurv theories, namely stellar 
dynamics and relativity, have thus 
conspired so far to tell us our galaxy 
is a very gentle aluir which might 
just have once had a quasar in its 
centre a very long time ago. If 
Eddington was wrong on both counts, 
stellar dynamics and relativity, oui 
galaxy could on the contrary he a 
violently active afi'air with hyper- 
massive quasars popping on and off 
every hundred million years or so. 

The reader who has arrived at 
this point without tripping over may 
now start to wonder where he was 
tricked! How can some new inter 
pretation of astronomical phenomena 
possibly be telling us that Einstein is 
wrong? Surely everyone knows 
relativity is right? The truth of the 
matter of course is that we don't 
know for certain, though most 
physicists are brought up believing 
we do. Indeed the manner of their 
training is often more akin to indoc¬ 
trination with a faith than it is to 
development of an open mind. Since 
there are many text books that 
implicitly or explicitly confuse the 


issue by telling us that Lorentz's 
theory and Einstein’s theory are 
mathematically equivalent, and very 
few physicists actually read Lorentz’s 
original papers to discover the con¬ 
trary IS the case, it is not surprising 
this sorry state of affairs has come 
about. 

In actual fact, Lorentz’s theory, 
himly grounded in New tonian physics 
and acknowledging the existence of 
a icai material vacuum was specially 
const! LiCted u> explain both the 
MicheJ.^'on Morlcy experiment and 
the well-established fact that nature 
appears to be Lorentz invariant. As 
] orcniz maintained all his life, the 
theory is quite distinct from relati¬ 
vity; or as he pul it relativity is 
Einstein's iheoiy, not mine. Obviou¬ 
sly what is required is an experi¬ 
ment to distinguish between the 
theories. Unfortunately, the critical 
experiment to measure the “one-way” 
velocity of light, the only direct way 
of validating lorentz's theory rather 
than Einstein’s theory, has not yet 
been perfoimed. 
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many, science and humour 
^ cannot come together. The 
common image of science is that 
of a sober activity persucd by think¬ 
ing machines that scientists arc. 
However, contrary to this popular 
belief, there are as many humour 
loving people among scientists as 
in any other group of human 
beings. There exists a considerable 
amount of non-serious literature 
produced by scientists on the 
subject of science and scientists 
themselves. Physics Today. Nature. 
Science, New Scientist, etc., often 
carry parodies, limericks, satires and 
tongue-in-cheek articles making fun 
of science and scientists. 

Science humour is gei erally of 
a mild type and is not designed to 
produce a guffaw or toud laughter. 
It operates at a somewhat sophisti¬ 
cated level and because of the 
technical nature of the subject, the 
humour at times may not be apparent 
to the layman. William B. Jensen 
has brought to light two early exam¬ 
ples of this type. First is a poem by 
John Cargill Brough in which he 
expresses his despair at being con¬ 
founded by conflicting chemical 
theories of the time. A stanza in 
Brough’s poem reads: 

^*For years I received the doctrines 

believed 

About acids with much satisfac¬ 
tion, 

And constantly swore H^SO^ 

Was an acid above all detraction. 
But Williamson views my notions 

confuse 

And make me once more undeci¬ 
ded. 

Whether old SO^ the acid should be 

Or merely a fru^ment divided/' 

The second example consists of 
a set of satirical drawings on a 
system of graphic formulae 
propevsed by Guthrie. He suggested 
that chemical elements should 
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Satire is the main tool in 
science humour used to 
expose the absurditv of 
professional and institu¬ 
tional rules prevalent in 
science 


be graphically represented by geo¬ 
metric objects having a number of 
sides equal to the valencies of the 
elements, e.g., a point for hydrogen, 
a line foi oxygen, a triangle for 
nitrogen, etc. Reacting to this sugges¬ 
tion, an anonymous contributor 
produced a set of drawings in which 
the molecule NjOg looks like a 
cone of ice-cream and the molecule 
NH4HSO4 resembles a human 
face (Fig. 1). 

Satire indeed is the mam tool 
used in science humour. It is often 
used to expose the absurdity of certain 
fake mannerism, professional preten¬ 
sions and institutional rules preval¬ 
ent m science. There is a story about 
the famous physicist Wolfgang Pauli. 


He was so pure a theorist that he 
never entered a laboratory, if per¬ 
chance he ever did so some expen¬ 
sive piece of apparatus would shatter 
spontaneously. 

A more recent article on the 
theme of a theorist versus an experi¬ 
mentalist is Social Currents in Weak 
Interactions. It starts ‘‘...while anomal¬ 
ous experimental data seem frequen¬ 
tly to be pushed without creating 
much of a stew, the experimental 
claims in this instance were taken 
seriously by those working in weak 
interactions.” Finally this delight¬ 
ful take off on the professional 
jealousies and gioupism among 
scientists concludes that, in general, 
theorists fall into four categories. 
The first group is of pure theorists 
who believe that “since the experi¬ 
ments did not agree with theory, 
the experiments were probably 
wrong”. The second group of theori¬ 
sts consists of “statesmen” who try 
to be diplomatic in approach. The 
third group of theorists “seemed to 
prefer that the current theory be 
valid, but in case it was not, they 
wanted to be in on the next theoreti¬ 
cal movement, preferably leading 
the parade ” The fourth group is 
of course required to make up the 
audience in anv conference for the 
first three groups. The experimen¬ 
talists of course reciprocate the senti¬ 
ments expressed towards them by 
theorists. They . take some 

pleasure in deflating the edifice 
constructed by theorists. To disco¬ 
ver a violation of 
would be a joy few experimentalists 
could pass up”. 

E. Schreiber and O.L. Anderson 
have contributed an article on 
‘Science on Properties and Com¬ 
positions of Lunar Materials : Earth 
Analogies.’ Written in the serious 
manner of scientific papers, the 
article is complete with tabular data 
which arc interpreted to indicate 
that the curves for lunar rocks fit 
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the cheeses. A casual reader who 
does not glance at the references 
may be almost half-way through 
before he realises that his leg is 
being pulled. A similar tongue-in- 
cheek account of ‘The Stability of 
Bicycle* is provided by D.E.M. 
Jones in Physics Today. It caught 
the fancy of many readers who sent 
in their learned responses in the 
form of letters to the editor. Many 
weighty issues raised by readers 
were replied to by the author in an 
equally serious tone. 

A satire on the peer review sys* 
tern and the editorial discretion is 
entitled A Rational Scale of Criti¬ 
cal Editorial Evaluation. In this arti¬ 
cle, V.D. F’rechetle and R.H. Condit 
introduce the International Scale of 
Critical Comment or Terse Index of 
Scientific Censure (TISC—TISC). The 
Publishability Figure of Merit (Mp) 
of any communication is given b> 
an exact equation 

F 

Mp -- IA/s+€ -NJ. 

p(R -U) 

TISC-TISC 

L-4- E 

n 


where apart from factors 
like frequency of publication 
of the periodical (F), its 
number of pages (p) and average 
advertisement received per issue 
(A), etc., E is an arbitrary parameter 
(assignable by the editor) which 
varies from-f-10** to - 10**. TISC— 
TISC is mostly negative and “TISC— 
TISC coefficient of astonishment is 
the natural logarithm of the astonish¬ 
ment experienced by a reviewer 
upon confrontation with a particular 
statement from a prospective 
author.” 

Apart from serious science jour¬ 
nals which occasionally publish 
science humour, there arc journals 
devoted exclusively to science hu¬ 
mour like.r/re Journal of Irreproduci- 
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ficant Research, the Worm Runner's 
Digest, etc. The Worm Runner's 
Digest was started by an active 
research worker, James V. Mc¬ 
Connell as a one time “personal 
little joke on the scientific establish¬ 
ment.’' However, it caught the fancy 
of many other active scientists who 
poured in contributions and Mc¬ 
Connell was forced to turn it into a 
regular publication. McConnell 
tells the story of the birth of his 
journal in an article. Confessions of 
a Scientific Humourist. The Journal 
of Jrreproducible Research was 
started by Prof Alexander Kohn of 
the Hebrew University, Israel. He 
describes how the journal was born 
as a result of some jokes exchanged 
with friends on the subject of mysteri¬ 
ous disappearance of glassware from 
chemical laboratories. The problem 
was tackled in a paper entitled 
The Kinetics of Inactivation of 
Glassware, which became the first 
issue of JIR. Soon the Journal star¬ 
ted receiving contributions from all 
over the world. A Society for Basic 
Irreproduciblc Research was formed 
with “Dr. X. Perry Mental” as the 
Executive Secretary. Some of the 
papers published in the JIR are. 
Theoretical Zipperdynamics. The 
Chemistry of Copulation VI \ An 
Interpretation in Terms of the Activa¬ 
ted State Theory of Chemical Kine¬ 
tics, How to be a Project Leader, 
Researchmanship. Boardmanship and 
Mathmanship. The last named 
paper shows how to put even the 
simplest of things in mathematical 
terms so as to infuse proper scienti¬ 
fic gravity. For example, 

^1p oaritlv QC 


In { lim z —► oo ( 1 4 I )*} 

4- ( sin* X 4 cos* v ) 

Another paper announced the dis¬ 
covery of a new contraceptive, NO- 
acetol, a ring compound with —NO 
— in every position. That the use of 
serious tone and “appropriate" sci¬ 
entific language can befool many, 
scientists included, is shown by the 
reception accorded to a similar 
article on armpitin, another con¬ 
traceptive (again having NO groups) 
published in the Journal oj Canadian 
Medical Association. It wa.s seriously 
reviewed m the Annual Reviews of 
Pharmacology and some pharma¬ 
ceutical firms even tried to buy the 
patent. 

A category of items having some 
bearing on the ‘real’ sociology of 
science includes the New Laws of 
Science. Some of these are 

Parkinson s Third Law The pro¬ 
gress of science vanes inversely with 
the number of journals published. 

Cummidge's Law’ 1 he amount 
of expertise vanes in inverse propor¬ 
tion to the number of statements 
understood by the gerneral public 

Maier's Law\ If facts do not 
conform to theory, they must he 
disposed of. 

Bruce\s Law. You can publish 
almost anything provided you try 
sufficiently enough 

Pardee's Law . There is an inverse 
relationship between liic uniqueness 
of an observation and the number 
of investigators who lepoit it 
simultaneously. 

Law of the Constant Compen^iO- 
tory Evidence. Weakness in experi¬ 
mental support can be made good 
with extensive citation. 

Some quotable quotes are: “The 
only way for a new theory to become 
accepted is for the adherents of the 
old theories to die”, “A new idea 
is the most quickly acting antigen 
known to science”, “A stitch in 
time would confuse Einstein”, “Even 
if one were a descendent of a long 





not secure the individual against 
baldness” and “Though scientific 
work is based on accurate records, 
the maintenance of adequate records 
does not in itselfconstitute research.” 

The literature of science humour 
has progressed from occasional items 
in regular science journals to the 
book form Examples of this las! 
category are, Psychology in the 
Wry, Stress Analysis of a Strapless 
Evening down, E.xpertland, The 
Worm Re-Turns and The Scieii' 
list Speculates These books are col¬ 
locations of essays, news itrins 
and jokes on topics ranging fn m 
paychology to biology. Though 
ail the topics are not scientific in 
nature, they have been contri¬ 
buted by scicntisis, S*»me pai- 
ocly the scicnlitic method of invc‘li¬ 
gation while others arc flights 
of fancy based on half-baked ideas 
In the book form, science humour 
has a much better chance of being 


noticed by the common man and 
also perhaps of achieving a sort of 
permanancc. 

Science humour produced so far 
has been an effort of scientists for 
the consumption of scientific com¬ 
munity. In the process, however, the 
veil of secrecy surrounding science 
has been lifted a bit. Even the common 
man can sec (hat science is an acti¬ 
vity earned out by human beings 
who arc as much flawed or unflawed, 
as much susceptible to baser and 
finer human emotions and instincts 
as any other group of human beings 
This humanization ol science should 
be welcomed since science is not 
the concern of scientists alone. 
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TWE 'I'OTAL ECLIPSE (CmtimicJfrom page ±'f!) 


route, and we carefully chalked out 
our plan's Our train was first running 
late by fifteen minutes, but soon tins 
was made up and we rcacheO Raichui 
the next afternoon fifteen minutes 
before lime. The eclipse started while 
we were strolling on the Raichur 
platform. A larg^e number of touri>ts 
w'ho had come to witness the total 
eclipse at Raichur were thronging 
the platform with their dark glasses 
and cameras 

The tram left Raichur on 
lime and we saw the sun was 
getting more and more obscured. 
We could see ail around the horizon 
a sort of darkness creeping m and 
flocks of birds were flying in a 
confused manner. The air was 
getting colder and evidently a 
steep fall in temperature was taking 


place. The sky was clear and there 
was not a speck ol cloud. 

The irainreachtd Mantra la vani 
siaiion in lime, afier crossing the 
Tiingabhadra river, w here we could see 
scoresof persons taking their holy dip. 
By this time the eclipse was last 
approaching totality. All the passen¬ 
gers were down on the platform. The 
moon’s shadow-cone suddenly swept 
over us and the eclipse became total. 
The wonderful ‘corona’ hurst into 
view^ a.s a pearly white light surround¬ 
ing the eclipsed sun, but I did not 
see the Baily’s Beads nor any piomi- 
ncncc. The corona too did not appear 
to be large as it should at the time of 
sunspot maximum The darkness 
at this time was comparable to 
that just an hoilr after sunset. We 
could see the planets Venus and 


Mercury, but no star was discernible 
The moment lolabty was over, 
the beautiful 'diamond ring' fashed 
into view' for a few seconds, though 
this was not seen in the beginning. 
The sun began to reappear One of 
my friends had a glimpse ol the fast 
moving ‘Shadow hands’ on the 
platform for a few seconds just at 
this moment The duration of totality 
was two minutes and twentyfive 
seconds. Immediately after this the 
whistle was given and we all rushed 
back into the train and the train 
moved on from the platform. 

C.K. Anantiiabxjrawaniam 
2. Chinnappa Gounder Street 
Coimbatore-64103S 
[Sh. Ananthasubramaniam’s article 
Total eclipses of the sun appeared in 
S.jR.y December 1978] 
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^HROMBOSIS is ii pylhologi- 
cal phenomenon caused 
by the accumulation of blood clots 
or aggregates of blood platelets-- 
thrombi—inside the blood vessels, 
whence blood ceases to circulate 
beneficially. It was believed, at one 
time, that thrombosis originated 
from the inflammation of the inner 
layer of the blood vessels due to the 
deposition of fait} materials lipids— 
from the flowing blood. Although 
physical changes in the vessel wall 
could be a factor causing throm¬ 
bosis, it was late I recognised, (hat 

SWAPAN 

CHATTOPADHYAY 
B. B. NATH 

the stasis in blood-flow due to 
changes in blood, was the causative 
factor. The formation of ‘Tibnn’' 
from the plasma and the entrapped 
cellular fractions of the blood like 
platelets, leukocytes (white blood 
cells) and erythrocytes (red cor¬ 
puscles) inside this fibril mesh-work 
constituting the thrombus, are 
responsible for the anest of blood 
flow without causing any cxteinal 
bleeding. 

Thrombosis—not an uncommon 
vascular disease—has been considered 
by some to be even rnoie hazardous 
than certain malignant diseases like 
cancer In fact, mortality from 
this disease far exceeds that of the 
latter. Although the basic nature of 
the sequence of events leading to the 
formation of thrombus inside blood 
vessels has yet to be elucidated, the 
development of our knowledge of 
the mechanism of blood coagulation 
has contributed much to the synthe¬ 
sis and production of several drugs 
for the prevention or cure of this 
disease 


The deposition of a mass consis¬ 
ting of platelets, leukocytes and fibrin 
and its continuous growth to 
occlude the lumen of a specific vas¬ 
cular segment can be linked to 
abnormalities — (i) of the blood 
vessels, (li) of the circulating blood or, 
(iii) of the blood-flow. 

Although It has been suggested 
that factors such as high blood 
pressure, serum lipid level or ciga¬ 
rette-smoking are linked with throm¬ 
botic arterial disease, and also 
with coronary disease, oui knowle¬ 
dge abi)ut cerebral and peripheral 


arterial thrombosis is far from 
complete As the blood flow rates in' 
the artery and in the vein are not 
similar, the nature of the thrombotic 
problem in them is different. In 
arteries, the thrombus formed is 
resistant to blood flow, and produ¬ 
ces infarction, whereas m veins 
it leads to their disruption and 
embolisation into the lungs. 

Types of thrombosis 

Thrombosis may be classified 
as (i) coronary thrombosis, 


(ii) cerebral ihiombosis, and 

(iii) venous thrombosis. 

Coronary thrombosis. It is 

mainly a heart disease with 
two subgroups. First, myocar¬ 
dial infarction in which patients 
characteristically have chest pain, 
abnormalities of ECG and changes 
in scrum-en/yme level Second, 
angina pectoris in which patients are 
suddenly dropped to death or first 
experience chest pain and then die. 

Crrrhral thrombosis It is 
a vascular disease of the 
central nervous sy.nem and is less 


well-studied than coronary throm¬ 
bosis. It occurs due to bleeding in 
brain or due to abnormalities in walls 
of cerebral arteries. 

Venous thrombosis. It occurs 
in veins of legs and pelvis, 
with the formation of throm¬ 
bus. The thrombus lormed may 
enter into blood vessels of lung 
causing pulmonary thrombosis. 

Structure of thrombi 

Thrombi are constituted by 
blood-platelets, leukocytes and 


THROMBOSIS 
AND ITS CURE 

Although the pathology and cure of thrombosis—coronary, 
cerebral and venous thrombosis—still remain a challenge 
to the clinical science, oar knowledge of blood coagula¬ 
tion mechanism has helped the preparation and synthe 
sis of several drugs for combating this disease 
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fibrin-clot. 7'he structure and action 
of thrombus in arteries and in veins 
are different StructuraJly too they 
differ. In arterial thrombus, the 
'white-head' mass is constituted 
mainly by platelets, leucocytes and 
fibrin, whereas in venous thrombus, 
the ‘red-tail’, composed of the 
fibrin ciol and red cell trapped in 
it, is the major component. The 
difference in structure may be attribu¬ 
ted to the difference in rate of blood- 
flow in arteries and in veins. However, 
the difference is not absolute since 
intermediate structures arc alsvj 
abserved. 

Causes 

At the end of the nineteenth 
century the reason for coronary 
thrombosis was thought lo be the 
narrowing of the lumen of blood 
vessel due to the thickening of its 
wall by the formation of lipid-con¬ 
taining material on the inlima of 
the arteries. Initially, these lesions 
are formed as yellow streaks, linearly 
along the intima of arteries which in 
later stage develop an increased 
accumulation of phospholipids, 
lipoproteins and cholesterol Then 
these lesions will have a grey or 
pearly white fibrous form containing 
cholesterol crystals and gradually 
proliferate into the arterial lumen 


causing partial or complete blocking 
of the blood flow. Later, it has been 
seen that the accumulation of lipid 
materials is not solely responsible foi 
thrombosis but the increase m serum- 
lipid level of blood is also a major 
factor which enhances the blood 
clotting within the arterial lumen 
through thrombus ( Fig. I ). 
Thus the initiation of thrombosis 
and the culmination of the disease is 
not only due to pathological changes 
m the artery wall, as was though! to 
be, but due mainly to the changes in 
ilic blood-clotting mechanism. 

Thrombus formation 

f'or the formation of fibrin network 
the blood protein, fibrinogen, is split 
by the proteolytic enzyme, throm¬ 
bin, produced during the process of 
clotting. During the reactions with en¬ 
zymes and other dotting factors like 
calcium ions and phospholipids, 
prothrombin discards half of its 
molecular weight and is transformed 
into thrombin. Two of the gcnerallv 


accepted mechanisms arc given in 
P7gs. 2 and 3. 

The mechanism of blood clotting 
inside the blood vessels involves 
twelve factors (facior I to Xlll, 
excluding factor VI which does not 
exist) which are present m normal 
circulating blood. Deficiency of 
any of these factors causes various 
disea.ses with bleeding symptoms like 
haemophilia, Christmas disease, etc 
In the normal blood which is not 
deficient in any of the clotting factors, 
the mechanism involves essentially 
the activation of enzymes which 
trigger the subsequent activation 
processes and a chain of leactions 
which proceed sequentially 

li is nowadays believed that 
the activated factor -termed by 
some workers as factor \a, throm- 
b(>kinase. autoprolhrombin C or 
activated Stuart-Prower factor—i.s the 
primary enzyme which reacts with 
prothrombin of the circulating blood 
in presence of acceleratiirs like 
factor V, calcium ions and phos¬ 
pholipids to prodtice thrombin 
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enzyme, thrombin, is formed it 
readily acts on tibrinogen of blood 
to produce fibrin monomer which 
polymerises to insoluble cross-linked 
fibrin polymer in presence of factor 
XIII (fibrin stabilising factor) and 
calcium ion 

The dissolution of the stabihsed 
fibrin clot, fibrinolysis, may occur 
by the action of the proteolytic enzy¬ 
me. plasniin or fibrinolysin which is 
the active p^'oduct derived from 
oJasminogen or profibrinolysin 
present in blood This fibrinolytic 
process goes on normaIl> inside 
both to protect the flowing blood 
from the possible accumulaiion of 
blood clots which may bo formed 
inside the blood vessel even under 


Factor Xa is produced by the 
interventions of the activated 
forms of the factors Xli, XI, IX and 
VIfj through various enzymatic reac¬ 
tions in circulating blood (intrinsic 
mechanism) and by tissue-thrombo¬ 
plastin and factor V'JI during injury 
(extrinsic mechanism) as shown in 
Fig. 1. 

On the onset of the chain reaction, 
Hageman factor (factor XII) is, at 
first, activated to its active form, 
XIla, through surface contact. It 
has been observed that, if a sample 
of blood IS taken in a wax or silicone- 
coated tube, it takes a prolonged 
clotting time, as a smooth surfiicc 
IS less active in activating the Flage- 
man factor. Factor Xlla, which is 
an enzyme, then activates plasma 
thromboplastin antecedent (PTA), 
factor XI, to Its activated form which 
in its turn activates the Christmas 
factor (factor IX). The latter’s activa¬ 
ted form, IXa, then acts on anti- 
haemophilic factor (factor VHI) 
The activated form of factor VIII 
(Villa) then reacts with factor X 
(Stuarf-Prower factor) to produce 
the active form, Xa. At this stage 
thrombin plays an important role; 
it not only acts on fibrinogen of 
blood to produce fibrin but also 
acts on platelets to produce phos- 
pholipids^Qpec a little amount of 
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non-pathological conditipn. The 
mechanism of blood clotting process 
in vivo^ i.e., inside the blood vessels 
(intrinsic mechanism) is slightly 
different from that caused by any 
injury. Some of the factors described 
above may not be involved in extrin¬ 
sic mechanism where enzymes from 
the tissue juice (thromboplastin) and 
factor VII produce the necessary 
shunt (Fig. 2). 

Some research workers in 
this field believe that so many factors 
may not be involved in clotting 
process and some of the clotting 
factors, in fact, arc the degraded 
products of the parent proteins like 
prothrombin. Seegers’ group in the 
U.S.A. is the major c.xponcnt of this 
theory and a sketch of the mechanism 
of blood clotting advanced by them 
has been presented in Fig, 3. 

Therapy 

Depending upon their mode of 
actions, the drugs used against 
thrombosis may be classified as ; 

(1) Drugs acting against platelet 
adhesion or aggregation, (2) Drugs 
causing fibrir removal, and 
(3) Drugs preventing fibrin for¬ 
mation. 

Amongst the drugs which have 
been synthesized to act against 


platelet aggregation, acetyl salicylic 
acid (Aspirin) or coronary vasodila¬ 
tor like dipyridamole (Fig. 4) have 
been found to be effective. The drug, 
urokinase, which is an enzyme 
purified from urine, is found to be 
an effective fibrinolytic agent causing 
the conversion of plasminogen to 
plasmin that lyses the fibrin clot. 
Recently, snake venoms like Mala¬ 
yan pit viper venom, in their purified 
form, have been studied and used to 
decompose fibrin after the formation 
of thrombus. Anticoagulant drugs 
which could prevent thrombus 
formation or suppress formation 
cf some cf the clotting agents by 
blocking the chain reaction at any 
stage are being extensively used for 
the prevention of thrombosis. Amon¬ 
gst these drugs, heparin (Fig. 4) 
which has been prepared from tissue- 
extracts having inhibitory effects on 
thrombin-fibrinogen reaction, is 
usually administered intravenously. 

Out of the drugs which can depress 
certain clotting factors, dicoumarol and 
indandione groups of drugs (Fig. 4) 
arc important. These anticoagulant 
drugs, usually used orally, arc effec¬ 
tive in controlling the production of 
prothrombin in liver and res¬ 
ponsible for maintaining a low level 
of blood clotting agents^. 

Although our knowledge of the 


cause of thrombus formation is far 
from complete and the study of the 
mechanism of the clotting process 
is still in progress, yet with knowledge 
gathered so far it has been possible 
to prepare various drugs, which 
can prevent the onset or progress 
of this disease. 
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SCIENCE IN INDUSTRY {Continued from page 2SS) 


The aqueous solution of the acid 
is used as a cosmetic rinse for hair 
to make hair lustrous. In the prepara¬ 
tion of bleaching lotions, citric acid 
is an important additive. 

/ 

Other industrial uses 

Based on the acidic property 
and the sequestering action with 
various metal ions, the citric 
acid has many industrial applications. 
Por rust and scale removal, particu¬ 


larly from iron, the acid is an useful 
reagent. All general metal cleaners 
invariably contain some amount 
of citric acid. In electroplating of 
of copper, the acid is a good addi¬ 
tive for it increases the electrode 
elTiciency and helps for a smooth 
lustrous surface. Addition of small 
amount of citric acid also helps 
effective electropickling of copper 
and its' alloys. As an additive, 
citric acid is used in many indus¬ 
trial applications. To qiention a 
few, it is used in printing industry. 


in inks, ink indicators, floor cement 
and silvering compounds, etc. 

Considering its manifold uses 
and different industrial applications, 
the demand for citric acid is increas¬ 
ing day by day. Its potential will 
further improve if it is available 
cheaply in the world market. 

R. N. Dash 
Research Chemist 
Rourkela Steel Plant 
Rourkela-769 Oil 



Gene synthesis and gene transferring 
Are the techniques of genetic engineer- 

ing. 

Which confer on us some pains, 


^ENETIC engineering deals with 
'^artificial modification of the gene¬ 
tic constitution of a living cell by in¬ 
troduction of foreign DNA through 
experimental techniques. Research 
on genetic engineering is centered 
on in v/tro joining of DNA fragments 
of dilferent origins by the mediation 
of some highly specific enzymes to 
form ‘recombinant’ DNA which is 
then introduced into appropriate 
hosts. This way immense possibilities 
are raised to bring about new gene 
combinations not occurring in nature. 
The science of genetic engineering is 


Some tears, some cheers and some 

gains. 

It takes one thorn out of chest of man. 
And shapes another thorn to take the 
test of man, 

still in its infancy. Even then, its 
enormous potential impacts^ both 
social and commercial, are evident. 

Deoxyribonucleic acid (DNA) is 
the genetic material ol all living or¬ 
ganisms (Fig. 1). It has a long thread¬ 
like molecular structure made up of 
many deoxyribonucleotides (deoxy- 
ribonucleotide is a compound which 
consists of a nitrogenous base bon¬ 
ded to the sugar, deoxyribose which 
in turn is bound to a phosphate 
group) and is mostly in the form of a 
double helix. The two strands of 
DNA have deoxyribose sugar mole- 


So guidelines had to be issued to gene¬ 
tic engineers. 
Not to engineer recombinants, which 
increase fears. 


lar sequence of nitrogenous bases. 
The two strands of DNA can be se¬ 
parated by heating and when cooled 
again, pairing of complementary 
strands Cakes place (annealing). In 
this way single strands of DNA (single 
chain of polynucleotides) from different 
sources can pair if there are segments 
with complementary base pairs. 

Tools of genetic eogineering 

The various ‘biological tools' in 
use to bring about genetic manipula¬ 
tions include enzymes, passenger 
DNA and vehicle DNA. Foreign 


Genetic ei^ineering raises 
the possibility of bringing 
about new gene combi¬ 
nations not found in nature, 
and better understandi^ of 
hereditary diseases and 
their cure 


D. K SANDHU G S VIRDI 



cuies joined through phosphate re¬ 
sidues to form the backbone. On the 
inner side of sugars in both strands 
are bonded nitrogenous bases which 
are pyrimidines—cytosine (C) and 
thymine (T) and purines -adenine 
(A) and guanine (G). Adenine is 
complementary to thymine and pairs 
with it, while guanine is complemen¬ 
tary to cytosine and pairs with it. The 
specificity of DNA lies in the particu- 

Fig. 1. D^xyribomicieic acid (DNA> 

0 -deoxyribose sugar, O-pbosplHile 
group, C-cytosine, G-guanine, 
Anukuiue, T-diyinine 


DNA which is passively transferred 
from one cell to another cell or or¬ 
ganism is known as passenger DNA 
while the DNA which acts as the car¬ 
rier is known as vehicle DNA There 
are specific enzymes without which it 
would not have been possible to per¬ 
form these experiments. Most im¬ 
portant of them are DNA cleaving 
enzymes like exonucleases, endonu¬ 
cleases and restriction endonucleases 
(Fig. 2). Exonucleases can digest 
the base pairs on the 5' or 3' ends of 
single stranded DNA or at single 
strand nicks or gaps in duplex (dou¬ 
ble stranded) DNA. Endonucleases 


Dr. Sandhu is reader in Deptt. of Biology, Gum Nanak Dev University, Amritsaf-ldSOOS; Sh. Virdi is student in Biology DepCt. 
in the same University. 




T 4 ligases (help in sealing or joining 
the nicks in DNA fragments), and 
alkaline phosphatases (digest 3 * 
phosphate groups from free ends of 
linearised vehicle DNA to prevent 
recircularization). 

Vehicle DNA 



Fig. 2 . DNA cleaving enzymes 


can cleave duplex DNA at any point produce complementary ‘sticky ends* 
except the ends, but their action in- (complementary single-stranded free 
volves only one strand of the dup- ends projecting from otherwise dou- 
lex. Restriction endonucleases act ble-strandcd DNA) which then act 
by making breaks only within as a splint for joining of two DNA 
nucleotide sequences which exhibit fragments. There arc other enzymes 
two-fold symmetry around a given which help in various ways in the 

. CCA ^ TGG completion of the whole process, 

point (e.g., ^ Ann c r ^ 

GOT ACC Some of them are reverse transcrip- 

the same sequence (running in oppo- tases (used to synthesize complc- 

site directions) is found on both mentary DNA strands using RNA 

strands, such enzymes can cleave as a template), DNA polymerases 

duplex DNA (e.g., passenger and (help in synthesis of complementary 

vehicle DNA) in such a way as to DNA strand on a DNA template), 



Two types of DNA have been 
employed as vehicles, viz., 
plasmid DNA and bacteriophage 
DNA (Fig. 3). Plasmids 
are extrachromosomal DNAs 
that occur in closed circular 
forms in bacteria. They can exist and 
multiply independently of the or¬ 
ganism’s own genome. Fach plasmid 


I RFVERSG 
TRANSCRIPTION 



Fig. 4. Synthesis of complementary DNA 


carries its own replicator region and 
retains its characters after recombin¬ 
ing with foreign DNA. It may carry 
additional information such as anti¬ 
biotic resistance factor. Not being 
a part of the original genome, plas¬ 
mid DNA can be isolated and trans¬ 
ferred easily due to its small size. 

Bacteriophages are viruses which 
live on bacteria. Their DNA can also 
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Fig. 5, Synthesis of DNA by purely chemical means 
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it is suitably modified. In case of 
mammals, SV 40 (Simian virus) 
DNA is used as a vehicle to transfer 
genes. 

Passenger DNA 

DNAs employed as passenger in¬ 
clude (i) Complementary DNA 
(cDNA) (ii) Synthetic DNA, and 
(iii) Random DNA. Complementary 
DNA is synthesized on a RNA tem¬ 
plate with the help of reverse tran¬ 
scriptase. The DNA-RNA complex 
is then subjected to alkaline digestion 
to isolate single-stranded DNA. A 
complementary DNA strand is syn¬ 
thesized on this single-stranded DNA 
by DNA polymerases (Fig. 4). The 
cDNA so produced is specific for a 
gene and can be linked to a vehicle 
DNA for transfer. 

The credit for producing the first 
synthetic DNA goes to Hargo- 
bind Khorana and his colleagues 
who synthesized purely by chemical 
means a DNA coding for tyrosine 
transfer DNA. They synthesized 
short segments with sticky ends which 
were later joined to complete the 
full sequence of the gene (Fig. 5). This 
synthetic gene has been found to be 
functional. 

The above two methods produce 
DNA fragments which are specific 
for a function. If it is not possible 
to use the cDNA or synthetic DNA, 
a 'shot gun’ expenment is carried out 
to produ 


K4g. 6. -Siga gm’ expyiii^ PIIA, 




Ta this procedure the whole DNA of 
a given organism is exposed to 
restriction endonucleases m order to 
obtain many DNA fragments Carry¬ 
ing different coding sequences Each 
fragment is recombmed with a suit¬ 
able vehicle DNA and recombinants 
of different nature arc produced 
which can be transferred to a host 
and tested for specific gene product 
(Fig. f>). 

Integration of passenger DNA to 
vehicle DNA 

DNA to be used as passenger or 
vehicle is extracted from the cell by 
lysing it with the help of enzymes, 
e.g., lysozyme in the Case of bacteria. 
The DNA is separated from other 
cell contents by ultracentrifugation 
and purified. The integration of pas¬ 
senger and vehicle DNA Can be 
brought about in any of the three 
ways. 

(i) By the use oj restriction ew- 
zymes. DNAs of different origin are 
cleaved by the same restriction en¬ 
zyme to produce complementary 
sticky ends which after annealing 


Fig. 8. litltffration of vehicle and passenger 
DNA by the extending lafls method 



Fig. 7. Integration of vehicle 1>NA with 
passenger DN< by means of 
restiictton en/ymes 

and scaling with ligase form recom¬ 
binant DNA (Fig. 7). 

(Ji) By extendtny^ tails. This 
method is used when either one or 
both the DNAs lack restriction sites 
or may have different restriction sites. 
The circular DNA of a plasmid is 
linearised, or DNA Irom a bacterio¬ 
phage IS fragmented act as vehicle 
DNA. In the presence of either of 
the four deoxynbonucletUidc phos¬ 
phates (precursors of DNA), dATP 
(deoxyacicnosinc triphosphate), d'TTP 
(deoxythyniidine triphosphate), dCTP 
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two have proved to be functionaL 
In eukaryotic cells micro!njeCtion 
technique is used to transfer DNA. 
Recently, it has been showiv^that in¬ 
dividual metaphasc chromosomes 
from human Cells can be taken up 
by tissue Culture cells and their genes 
expressed. 



(deoxycytidine triphosphate) or 
dGTP (deoxyguanosme triphos¬ 
phate). single stranded free ends 
(tails; Containing poly A (AAA), 
poiy T(TT1 . .. .), poly C (CrC - . ..) 
or poly G(GGG. .) are extended 
at 3' ends of duplex DNA by DNA 
polymerase (Fig. 8 ). The passenger 
DNA is also treated in the same way 
and the tails extended arc comple¬ 
mentary to vehicle DNA. After an¬ 
nealing the two DNAs, the nicks are 
joined by ligase 

{iii] Bv use of linkers. When a 
foreign DNA has no restriction sites 
or there is no chance of getting simi- 
hii sticky ends, a known sequence of 
S-IO syntheiic base pairs is attached 
to blunt ended DNA (duplex DNA 
with no tails) with the help of T 4 
ligascs. These 'linkers’ (sequences) 
provide the restriction cn/yme sites 


similar to those of vehicle DNA 
(Fig ^). Different linkers have dif¬ 
ferent restriction sites. The sticky ends 
carrying passenger and vehicle DNA 
are joined to form recombinani 
DNA. 

For introduction or transfer ol 
foreign DNA, use is made of the well- 
known process of bacterial trans¬ 
formation. The bacteria which act 
as hosts are treated with CaCU or 
an enzyme such as lysozyme to 
make the cells more permeable. When 
recombinant DNA is added to the 
growdh medium in which such bac¬ 
teria are growing, it is taken up by 
the bacteria along with nutrients 
(l ig l<^). So far the rat insulin 
gene, rabbit globin, sheep somato¬ 
statin and KlehsicUapncmyhnme 'n\V 
genes have been transferred success¬ 
fully to F. ioli, but only the latter 


DNA cloning 

Foreign DNA may be transcribed 
in a new host during the replication of 
vehicles. Along with vehicles the 
passenger DNA also replicates and 
forms a single copy, multiple copies 
of specific DNA fragment are ob¬ 
tained This is known as DNa 
cloning. 

Opinions differ considerably re¬ 
garding the merits and dements of 
genetic engineering On the positive 
side, genetic engineering raises the 
possibility ot bringing about new 
gene combinations which do not 
occur in nature and a better under¬ 
standing of hereditary diseases and 
ihcir cure by gene therapy. The trans¬ 
fer of *nif’ genes to cereals c<'uld be 
of tremendous help m solving the 
food problem. The cloning of eukar¬ 
yotic genes like insulin in bacteria 
may be of commercial value The 
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FROM EXPERIENCE COMES TRUST 
IN QUALITY-THE INTERNATIONAL WAY 


Laboratory reagants and 
rasearch chemicals, 
conforming to the highest 
international standards are 
manufactured in India for 
well over 15 years by 
Sarabhai M. Chemicals and 


have bean axported to 
many countries all over 
the world. 

The Internationa I standards 
of purity and most 
competitive prices have 
earned us several repeat 


orders from overseas 
customers —the right way 
to put India on the map 
among leading laboratory 
chemical manufacturers in 
the world. 
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**Beautifur' worlds around 
Jupiter 


W^HTCH IS the mo^t beautiful 
^ photo that the Voyager space¬ 
craft took of Jupiter and its satclli- 
tes? Obviously, that close-up view 
of Jupiter itself! Yellow blobs, 
brown wavy curves, the orange hues 
—all blended together in harmony, 
Tialching only the surrealistic paint- 
ngs of J M.W. Turner, make Jupiter 
me of the most beautiful and bizarre 
vorlds. Nobody, not even the NASA 
cientists, had expected the face of 
upiter such a rich blend of colours 
nd variety. But ask an astrophy- 
icist the same question. He would 
idiibitably say that the photos of 
upiter's four inner satellites, called 
, jalilean satellites ( named after their 
iscoverer, Galileo Galilei), which 
>ok “good”, “drab” and even 
ugly”, to be the most beautiful 
ncs. Where lies the beauty? In the 
^es of the beholder, obviously. 

For ,an astrophysicist the appa- 
•ntly dull photos of the Galilean 
itellites show a point of remark- 
>16 beauty : the various mechanisms 
at go into making of the solar sys- 
m, its planet.s and satellites, are one 
td the same, differing only in extent, 
le photos are, moreover, a key to 
ilock the past Jives of these bodies 
len earth was also in her early 
iges of evolution. At present many 


remarkable features and case histo¬ 
nes of the satellites have come to 
light, and many more will as scien¬ 
tists continue xheir game of unravel¬ 
ling the pabt of the satellites by merely 
seeing their faces. Meanwhile, the 
study of photos sent by Voyagers 
have already Jed to the discovery of 
the 14th satellite of Jupiter, it is a 
body only a few dozen kilometers in 
size nearer to ihc planet than Amal- 
theji, the innermost satellite of Jupi¬ 
ter. 

According to latest theories, 
when a huge cloud of dust tried to 
cross over the path of the spiral arm 
of the galaxy, it collapsed and a 
process triggered off the formation 
of sun and nine planets. Just like in 
the beginning was the word and 
sentences came subsequently as a 
combination of words, the planets 


and satellites are a combination of 
many smaller bodies (See 15, 

page 182). In the early days of 
evolution, the dust coalesced to form 
pebbles, and pebbles coalesced to 
form bodies of the size of one to ten 
kilometer and more, until satellites 
and planets came into being. Ob¬ 
viously , when the larger bodies had 
just formed, a lot of chunk of free- 
floating matter was drifting in empty 
space in the tvolar system. These 
chunks frequently collided with sate®' 
llitcs and planets to cither merge 
with them or create craters on their 
surfaces. 

So by studying the faces of vari¬ 
ous planets and satellites much is 
gained about their past lives, which 
will eventually throw light on the 
evolution of the solar system. Simple 
deductions, such as, the older a 
satellite or planet is more craters it 
would have; more clearer is the re¬ 
lief of craters, younger it is, go a 
long way in unravelling the past of 
various heavenly bodies. In studying 
the evolution of solar system, Jupiter 
and its satellites are of special in¬ 
terest. In fact, one can easily say 
that Jupiter and its satellites form a 
scale-down solar system. For instan¬ 
ce, just as the volumes of the inner 
planets increase and their densities 
decrease with distance from the sun, 
the respective characteristics of the 
Galilean satellites vary with distance 
from Jupiter. 

Recent studies of Voyager pho¬ 
tos have further shown that even the 
past lives of the Galilean satellites 
are similar in proportion to those of 


Table 1 


SATELLITE 

DIAMETER 

(KILOMETERS) 

MEAN DISTANCE 
FROM JUPITER 
(KILOMETERS) 

ORBITAL 

PERIOO 

(DAYS) 

BULK DENSnV 
(QRAMS PER 
CUBIC 

CENTIMETER) 

MASS 

(MOON - 1) 

CLOSEST APPROACH 
(MLOMETERS) 

VOYAQER 1 

VOYAQER 2 

AMALTHEA 

155 < 27U^S) 

106,900 

.40 

? 

? 

420,100 

558570 

K) 

3.e3«ti:l0) 

350,200 

1.77 

3.53 

151 

18,640 

1.127.920 

EUnORA j 

3,126 (±10) 

690,500 

3.96 

3.03 

0.06 

732570 

204,030 

QAMYMEDE 

5,276 (±10) 

096,600 

7.16 

1.03 

2.(0 

112.030 


CALLlStO 

4.846 (±10) 

1.606,600 

16,60 

I. u.J 

1.79 

1.46 

123560 

212510 






Hm ibooiii of Jnpitar {Chtckwite frcm top ieft). Volcanoes on lo: 
AinaUiiea; Cftllbto; Ganymede and Barapo {Cotatesy: USICA, New Oeiiii) 



SCIENCE SPECTRUM 



Patterns on Ganymede The distant ^ien of the satellite {bottom) shows the criss-crossing bands The nearer view {top) shows the 

complex patterns of ridges and grooves. A view of cratered Callisto (r/g/fO shows the ring system with a central bright patch 


‘ the inner planets of the solar system. 
Before this is discussed, it is better 
to know what the Galilean worlds 
* looked like before and after the 
Voyager missions last year. Earlier, 
it was suspected that lo was rich in 
sulphur, and the surfaces of the other 
three satellites were covered with 
water ice in varying amounts. Like 
our Moon, all of them always keep 
one of their faces turned towards 
Jupiter. For other details, see 
Table 1. 

Only three years before Voyagers 
discovered the volcanoes of lo, a 
group of astronomers had predicted 
their presence. It was estimated that 
varying amount of Jupiter’s powerful 
gravitational force on the satellite 
induce in it heat energy, which gets 
released in form of volcanoes. Vo¬ 
yager discovered about eight active 
volcan'oev on th^ surface of the sate¬ 


llite. The plumes of the volcanoes 
have velocities in the range 500 to 
1000 km/scc, rise upto to 70 to 
300 km above the surface of the 
satellite and live between a few 
months and a few years. The dis¬ 
covery of the volcanoes was quite 
an accident, however. It was only 
when an umbrella-like cloud, which 
could not be explained by any other 
way, was seen on a long distance, 
overexposed photo of the satellite 
that search began for other volca¬ 
noes. In fact, Voyager-2 was mano¬ 
euvred such that it could observe the 
volcanoes on the satellite for a few 
hours. This curiosity was natural to 
space scientists. For the first time 
they had discovered a heavenly 
body which is internally active like 
earth. 

On the orange-yellow surface of 
the .satellite was also bbscived 


patches of blue, diffuse and varying 
in size, especially in the southern 
polar region. After much speculation 
astronomers have now arrived at the 
conclusion that they are frozen rem¬ 
nants of sulphur and sulphur dioxide 
released through many faults on the 
surface of lo. In fact, liquid sulphur 
and sulphur dioxide present beneath 
the surface of satellite in sizes as 
large as oceans, like aquifers on 
earth, get leaked out through faults 
and at the prevailing low tempera¬ 
ture and highly low pressure evapo¬ 
rate violently but to form frost. The 
frost settles down on the scarps, ero4- 
ing them in the process. 

While lo is brimming with acti¬ 
vity, the other three Galilean satelli¬ 
tes look drab and inactive. .Next to 
lo is Europa, which is of the size of 
our Moon. White in appearance, it 
has global' Markings add patterns 
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on its surface, besides craters hund¬ 
reds of millions to billions of years 
old. Vast tangles of intersecting lines 
estimated to be tens of km in width 
and thousands of km in length also 
cover certain portions of the sate¬ 
llite. As the surface of the satellite 
cooled, oceans froze and the result¬ 
ing expansion led to the formation 
of these stripes-like cracks. Absence 
of craters at many regions on the 
satellite's surface indicates that they 
have been filled up with water risen 
from beneath, the heat being provid¬ 
ed by internal radioactivity. Or, the 
craters might have been produced 
when the crust of the satellite was 
soft and warm. 

The next two Galilean satellites, 
Ganymede and Callisto, are both of 
the size of the planet Mercury. One 
common feature—a system of con¬ 
centric rings—on their surfaces shows 
that in an earlier period in their 
evolution, they had evolved in simi¬ 
lar conditions. The ring system on 
Callisto has rings about 50 to 
200 km apart, and their outermost 
diameter is about 1500 km. At the 
centre of the system is a bright cir¬ 
cular patch, 600 km in size, about 
10 degree North of equator. Similar 
rings, but much worn out and hav¬ 
ing no central bright patch, are seen 
on Ganymede. It is believed that 
millions of years ago when the sur¬ 
faces of these two satellites were 
soft, a small body hit each of them. 
Its impact set up oscillations which 
finally readjusted the surface of the 
satellite to produce the rings system. 
In the case of Ganymede the ring 
system and the central crater were 
worn out due to impact by other 
bodies. Further, ridges of the ring 
system on Callisto are flat-topped 
and those on Ganymede have fur¬ 
rows. This difference shows that the 
histories of evolution of the two sate¬ 
llites are different beyond a parti¬ 
cular stage. 

Ganymede's surface resembles 
Moon's but it has some patterns not 
f^und on the lattCjr’Sj surface.. Groo¬ 


ved terrains surround the heavily 
cratered terrain of the size of a few 
kilometers. The former has parallel 
ridges and troughs, each 5 to 15 
kilometers long. There is in addition 
a large circular dark region of an 
ancient crater, one third of the en¬ 
tire hemisphere, which can easily be 
seen through a powerful telescope. 

Consider now the similarities 
seen between the inner planets and 
Galilean satellites. In so far the pla¬ 
nets are concerned the rates at which 
craters were produced on each of 
them by smaller bodies are more or 
less the same. In contrast, the cra¬ 
tering-rates of the Galilean satellites 
are far less, as much as by a factor 
of 10 to 100. Reason for such low 
rates is attributed to the powerful 
gravitational field of Jupiter, which 
helps the planet in not only attrac¬ 
ting stray smaller bodies but also in 
deflecting them away. The result is 
that few bodies are able to strike the 
satellites, but if in case they do, they 
strike with a far greater force creat¬ 
ing thereby a bigger crater. So if a 
graph is drawn between the sizes of 
craters on a body and the frequency 
of the formation of craters, it has 
been found that Callisto and Gany¬ 
mede have case histories similar to 
those of Mars, Moon and Mercury. 
(Scientific American, January 1980). 
The mission of Galileo spacecraft to 
Jupiter in the next few years will 
—let’s hope— further show the simi¬ 
larities between these satellites and 
planets. 

Dilip M. Salwi 


Acid rains 

O NE hardly ever hears of a rain 
that kills fish. Southern Norway 
IS the region where such a thing has 
occurred* and it can occur anywhere 
in the world when rain water con¬ 
tains suBicient amount of sulphuric 
and nitric acids. Such rains are called 


*acid rains’. An acid lain is defined 
as a rain or snow at a pH value be¬ 
low 5.6 (pH value measures the con¬ 
centration of hydrogen ion in a solu¬ 
tion. pH value decreases with in¬ 
creasing concentration of hydrogen 
ion in a solution, and vice versa). 
Studies show that the acidity of rain 
water is continuing to increase all 
over the world. 

How are the acids in acid rain 
produced? Sulphur dioxide and hy¬ 
drogen sulphide gases react with 
oxygen and water vapour in the 
atmosphere to produce sulphuric 
acid and, likewise, various nitrogen 
oxides arc converted into nitric acid. 
Sulphur dioxide, hydrogen sulphide 
and various nitrogen oxides arc pro¬ 
duced during both natural and hu¬ 
man activities. Volcanoes are the 
chief natural source of sulphur di¬ 
oxide and hydrogen sulphide while 
biological processes are the chief 
natural sources of various nitrogen 
oxides. Industries and power sta¬ 
tions, which use fossil fuels such as 
coal, are the chief human source of 
all the pollutant gases. 

In addition to the aforemention¬ 
ed acids, dust and debris, ammo¬ 
nia, sea sprays and carbon dioxide 
gas affect the acidity of rain water. 
The acidity of rain water will dep)end 
upon the relative concentration and 
properties of the different comp¬ 
ounds in atmosphere. The dust and 
debris, which are swept up from the 
ground by winds, contain alkali ions 
which decrease the acidity of 
rain water. Ammonia formed 
during the decomposition of organic 
matter reacts with water vapour in 
the atmosphere to form ammonium 
hydroxide, which also decreases the 
acidity of rain water. Sea sprays 
contribute a number of ions of 
sodium, potassium, calcium, mag¬ 
nesium, chlorine and sulphate. Car¬ 
bon dioxide gas, which is present 
even in unpolluted air, combines 
with water to form carbonic acid, 
which is a weak acid and has a pH 
v|ilueLof 5*6 under .nprn:^l)Co^c|iri^ns. 
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Not all acid rains have effect on 
plants, animals or human beings. 
The effect depends upon various 
factors including the acidity and 
total amount of rainfall, and the 
type of minerals in the regions over 
which the rain falls. In places where 
the acidity and the total amount of 
rainfall is low and the mine¬ 
rals in the region have a capacity to 
neutralise acid in the rain, the effect 
of acid rain will be less. 

Researches have shown that 
acid rain has a marked cfCcct on 
fresh water eco-system which is 
underlain with rocks having high 
concentration of silica and silicates. 
These rocks are so hard that wea¬ 
thering cannot dissolve them. The 
surface water in such an eco-system, 
therefore, contains little or no ions, 
which can neutralise the acids in 
the rain. The result is that fish popu¬ 
lation is affected. ' 

Though acid rain has been falling 
for more than two centuries, it at¬ 
tracted the attention of scientists in 
the i950's only and that too after 
smog threatened life in London. 
One of the earliest solutions sugges¬ 
ted was to construct tall chimneys in 
industries, power stations, etc., so 
that the pollutant gases are released 
into air at a higher altitude. 
Tall chimneys more than 180 
metres in length, some even about 
400 metres high, arc being used all 
over the world. This measure helped 
in reducing the concentration of acids 
in the rains, but at the same time it 
had a harmful effect. Winds disperse 
the pollutant gases over a larger area 
even across international boundar¬ 
ies. The result is that places free of 
industries or any other sources of the 
pollutants, also began to receive 
acid rains. 

An interesting situation arises 
when the movement of a wind-driven 
air-mass containing the pollutant 
gases is obstructed by mountains. 
It is found that rain water on the 
windward side of the mountains is 
more acidip than on theit leeward 


side. For example, an air-mass con¬ 
taining pollutant gases travels hun¬ 
dreds of kilometres from its source 
in the British Isles and Central Eu¬ 
rope, over North Sea and over land 
of relatively low mountains before 
reaching the mountainous Norwe¬ 
gian coast. 

An instrument, called scrubber, 
is being increasingly used to mini¬ 
mise the amount of pollutant gases 


N ormally concrete protects 
steel against corrosion. But 
then, how does steel become corroded 
to give a poor durability to concrete? 

Steel is made from iron produced 
in a blast furnace. This is an energy- 
intensive process. The metallic iron 
is in a high energy stage and therefore 
has the tendency to revert to a state 
in which it is found in nature, i.e., 
oxide form. The change from metal¬ 
lic to oxide state is a process known 
as corrosion and rust is its product. 

Why corrosioa ? 

Presence of moisture is essential to 
cause corrosion of iron. The amount 
of water present in the cement governs 
whether or not the corrosion will 
occur and, if so, at what rate. The 
molecules of water are present in the 
cement matrix. Silicates of calcium 
are the main constituents of cement 
which combine with water for the 
main cementing action to form 
calcium silicate hydrate with the 
release of large quantities of calcium 
hydroxide. The latter quickly forms 
a saturated solution in the hydrating 
cement paste with the rise in pH 
(11.4). The presence of alkali ions 
(Na+ or K^) in the pore fluid further 
increases pH of, the solution to 
about 13.2. This solution acts as an 
electric conductor or electrolyte in 
the< mtal-embeckled coneivte^ As 


ves the pollutant gases from waste 
gases emanating from the chimneys. 
In industries, power stations, etc., 
fossil fuels are also being increasing¬ 
ly replaced by other fuels so as to 
reduce the production of the pollu¬ 
tant gases. Coal containing less 
amount of sulphur and nitrogen is 
in use where alternate fuels are not 
available. 


such, an electrical potential is 
developed which depends upon the 
metal embedded. If the metal tends 
to go into solution, i.e., releases its 
metal ions, the metal is said to 
corrode. Whenever dissimilar metals 
^re embedded in concrete and are in 
electrical contact with one another, 
the more anodic of the pair will 
corrode. Therefore, any dissimilarity 
in the steel structure can cause corro¬ 
sion of the latter. 

A similar type of concentration 
cells may be formed where a single 
piece of steel is in contact with a 
solution at two different concentra¬ 
tions. Commonly, this happens 
due to variations in oxygen concentra¬ 
tion when one portion of the steel 
bar is exposed to air and the other 
is well compacted in the cement. 

Again, concrete changes its 
chemical nature on exposure to the 
atmosphere. This process is known 
as weathering, and occurs due to 
the reaction between carbon dioxide 
(or other acidic vapours) in atmos¬ 
phere and the calcium hydroxide in 
the cement phase. The reaction slowly 
lowers the pH of the concrete^ 
resulting in corrosion. 

The presence of chloride ions 
accelerates corrosion of steel in 
concrete due to various reasons, viz., 
reduction of alkalinity, increase in 
conductivity of electrical corrosion 


Corrosion of steel in concrete 
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current and reducing passivating 
eftect of hydroxyl ions. 

Steel in the concrete, or otherwise, 
is inhibited by the formation of a 
suitable film of hydroxide or oxide 
>n the metallic surface. This film 
prevents further corrosion. If the 
ilm is damaged due to any reason, 
t is reformed if the oxygen supply 
s available. 

Prevention of corrosion 

The first requisite to contain 


corrosion is to cut steel from exposure 
to oxygen and water of the atmos¬ 
phere. For that purpose, thicker layers 
of concrete should be laid. Another 
important point is the correct water/ 
cement ratio with the use of mini ¬ 
mum water required for complete 
compaction of cement. Galvanisa¬ 
tion (putting on a metallic coating of 
zinc on the steel) also helps prevent 
corrosion. 


passages leading from it (Fig. 1) 
The accumulated underground water 
gets super-heated, i.e., heated above 
the boiling point, whereupon it boils 
and upsurges on to the surface. 
Sometimes, when the critical tempera¬ 
ture is exceeded, high pressure steam 
is formed which gives rise to a 
geyser. 

A miniature township is gradually 
coming up in the bracing climate of 
a picturesque valley south-east of 
Leh following geothermal explora¬ 
tions, which are now being carried 
out in this area. Situated at an alti¬ 
tude of 4450 meters, this area called 
Puga valley, is about 15 kilometers 
long and one kilometer wide. It con¬ 
tains one of the several hot spring 


C.B. Sharma 


Himalayan hot water springs 


T he tradition-bound Indian 
cultural heritage considers hot 
springs or geo-thermal springs as a 
unique creation of God or as springs 
enjoying the blessings of ancient 
sages. Lakhs of pilgrims carry with 
them water from hot springs which 
they consider a divine liquid. But, 
this age-old belief is far from the 
truth. Scientific research has proved 
that hot springs arc simple, natural 
phenomena. They occur wherever 
sufficient heat is available to raise 
the temperature of the sub-surface 
waters. 

A typical hot spring consists of 
a central conduit with ramifying 


Table 1, Showing location, elevation, temperature and pH of main Himala¬ 
yan hot springs 


Name 

State 

Elevation 

{meters^ 

Temperature 

(»C) 

pH 

Ka^l 

HP. 

1600 

41 

7.30 

Manikaran 

H.P. 

1760 

45 to 97 

7.45 

Khirganga 

HP. 

2000 

50 

7.45 

Katallh 

H.P. 

— 

43 

7.55 

Tatiwani 

HP. 

— 

57 

7.75 

Vasislith 

H.P. 

2120 

58 

7.38 

Puga 

i&K 

4490 

35 to 83.5 

7.40-7.30 

Chumatang 

J<&K 

— 

83.6 

8.10 

Badrinath 

UP. 

3367 

56 

7.40 

Oaurikund 

U.P. 

1942 

53 

7.45 

Tapoban 

UP. 

1919 

53 

7.10 

Gangani 

UP. 

1855 

53 

7,25 


HOT SPRING 



fields that occur in the north-western 
Himalayas (Fig.2). 

The temperature of Himalayan hot 
springs normally ranges from 45‘'C 
to 90°C at the surface. They are 
characterized by shimmering hot 
waters, patches of warm ground, 
ejection of sulphurous gasses and geo¬ 
thermal deposits of borax and sul¬ 
phur, These deposits are generally 
found as encrustations on the sur¬ 
face rocks of the hot spring area 
(Fig. 1). A few of these springs have 

Fig. 1. Hypothetical section of a hot 
«riiig field 
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Fig. 2. Map shoviing location of NW-Hiinala\an hot springs 


I 

boiling temperatures corresponding 
. to the altitude of their place of 
J occurrence and in a few cases, mild 
J geyser activity is seen. 

^ Geochemical analysis of the hot 
, waters obtained from Chumatang 
area, situated north of Puga valley, 
shows a high concentration of sodium 
j bicarbonate and sulphate along with 
r SiOg, The temperature of the under- 
^ ground superheated water reservoir, 
] as estimated by sodium-potassium 
j atomic ratio, works out to be between 
J 200'’C and 225''C. In this method of 
, geothermometry, the temperature is 
J estimated by calculating the ratio 
^ of sodium-potassium ipns, then com¬ 
paring it with the absolute tempera- 
^ ture and standard heat of reaction 
I at a given temperature. In the Parbati 
•valley of Kulu district (H.P.), where 
the hot springs are located at Kasol. 

) Manikaran and Khirganga on the 
I right bank of the Parbati river, 
chemical analysis of the thermal 
I waters shows the presence of a wide 
variety of elements including lithium, 

)fluorine, strontium and silver. The 


temperature of the leservoir here 
has been worked out to be I'boiit 
2000'C. Hot springs of Gangani, 
Badrinath and Gaurikund, lying in 
the lap of the U.P. hills, occur in 
central Himalayan granitic rocks. 
The reservoir temperature here ran¬ 


ges around ITO^'C as calculated by 
Na/K geothennometry. Table 1 
shows the elevation, temperature and 
pH of some Himalayan geothermal 
springs. 

Though several theories have 
been advanced, the exact mode of 
origin of these springs arc not yet 
known. One theory is that compres- 
sional forces may cause melting of 
the earth’s crust and emplacement of 
granitic bodies (which are thought to 
be igneous in origin). Although 
recent volcanic activity is absent in 
the Himalayas, the northward thrust 
of the Indian shield under the Eura¬ 
sian plate, has given rise to a large 
fracture system which may have 
facilitated the emergence of these hot 
springs. It has been observed that 
the geothermal springs are generally 
concentrated on both sides of this 
fracture system (Fig. 3). Only a few 
warm-to-hot springs arc found in the 
lower Himalayas and Siwalik Hills. 
Some of these springs are also 
found at the margins of the Shillong 
plateau in the north-eastern region. 

Based on present techno-econo¬ 
mic aspects, M.L. Gupta and S B. 
Singh (1977) of the National Geo¬ 
physical Research Institute, Hydera¬ 
bad, have givpn three main condi 
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tions for the occurrence of potential 
geothermal areas for power genera¬ 
tion and other multipurpose applica¬ 
tions. These are: (a) the occurrence 
of a natural source of heat, (b) a 
water source and a suitable reservoir 
for storing water, and (c) a 
caprock to confine the circulating 
fluids. 

In the Himalayas, wood and 
fossil fuel are at present the main 
.sources of energy. With the quick 
depletion of our forest resources, 
on the one hand) and the high cost 
of transportation of fossil fuel from 
the plains on the other, the time has 
come for people living in the north¬ 
west Himalayas to switch over to 
geothermal energy. The Himalayan 
hot springs have, for centuries, been 


F rom the beginning of 17th 
century, mathematicians have 
been keen on finding a formula which 
would yield primes, that is, numbers 
which have no factors other than it¬ 
self and ‘T, for exajmple, numbers 
such as 2, 3, 5, 7, 11, etc. Pierre de 
Fermat (1601-1665), a French ma¬ 
thematician, conjectured that F*”—2*"* 
will alw^ysi yield’tpriimesiforj 


Fin. 4. Uses hot springs 

the destination of thousands of 
pilgrims. Now there is need to harness 
them. Potential exists for socio-econo¬ 
mic development of the mountains, 
by providing basic needs of food 
through greenhouse cultivation, 
poultr>-sheep farming at higher 
altitudes, preservation of fruits in 
geothermal storages and heat pumps 
for agriculture. Besides, non-pollut¬ 
ing geothermal power can be 
produced at costs varying between 
one-third and half the cost of 
energy obtained from conventional 
sources. 

Sharao Singh Nfgi 
Research Scholar 
Watlia Institute of Himalayan 
Geology 
Dehra Dun - 248001 


the values of w “ 0, 1,2, 3, 4, 5, etc. 
In fact, Fn, is prime for each of the 
values of w = 0, J, 2, 3, 4. But the 
Swiss mathematician Leonard Euler 
(1707-1783) found in 1732 that F^ 
has the factor 641 and is thus com¬ 
posite, An elementary proof not 
involving explicit divisions shows 
that 641 divides F„, as given 
beldw •: * i 


It IS easy to see that 5*-f 2^ and 
1 are each equal to 64J. 

Now641 —5^“f 2,^ divides 
because 5‘‘.2‘-*”-) 2^*=(5'*-f 

Again, 641 ^5.2'-fl. It divides 
since 1) (5.2’-l) 

(5 21M J) - (52.2^^- 1) (52.2i«-t 1) 
-5122« -I. 

Thus 641 divides 5*.2“*-f-2^^ 

/,64J also divides d 

It therefore follows that 641 is 
a divisor of the diiference of the num¬ 
bers 5^2'-*«T 2"^ and 5^22«-.j, i.e., 
the number 2^*-f j ^-Fs 

Later, all the values of F^^ 
from w—6 to m—18 (apart from 
/w—17) were found to be composites. 
At present quite a good number of 
values of m are known for which 
IS composite. The largest known com¬ 
posite Fn^ is F,^6 which is a huge 
number. It is as yet unknown whether 
F(7 is a prime or composite. 

Father Mersenne (1588-1648), a 
French clergyman and a contempo¬ 
rary of Fermat, conjectured that 
Mp=^2^ -j will yield primes for the 
following prime values ofp, namely, 
p=.2) 3, 5, 7, 13) .7,19,31,67, 127 
and 257 only, and no other values of 
prime p lying between 2 and 257, If 
p is composite, 2^ — j can easily 
be factored. In 1880 it was found that 
Mp is prime for p—61, which is not 
in Mersenne’s list. This was an error 
of omission on the part of Mersenne. 


Fermatians 
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In 1903 another error was detec¬ 
ted by the American mathematician 
F. Cole, who found that M*, is 
a composite. It was an error of com¬ 
mission. Once Cole was asked how 
Ipng it took him to find this out. 
Cole replied ‘three years of Sundays’. 
In one of his books, the American 
mathematician E.T. Bell (1883-1960) 
has given a graphic account of how 
Cole had demonstrated this result in 
a meeting of the members of rhe 
American Mathematical Society. In 
October 1903, Cole was asked by the 
President of the Society to read out 
the paper 'On the Factorisation of 
Large Numbers’ which he had pre¬ 
sented for discussion at the meeting. 
Cole, a man of few words, approa¬ 
ched the blackboard and with -halk 
in hand began to calculate 2*’. Hav¬ 
ing calculated, he subtracted I from 
this. Then moving to a clear space on 
the blackboard he began to calculate 
in long hand 1937077 ?. I x 
7618 3 825728 7. When the cal¬ 
culation was finished it was found 
that the two results agreed. Without 
a word Cole went back to his scat 
while everybody present in the meet¬ 
ing applauded him. Nobody raised 
a question. 

In 1931 the American mathema¬ 
tician D. H. Lehmer showed that 
Mp is composite for /7=257. Later, 
two more errors were found in Mer- 
senne’s conjecture : and Mjo, 

were found to be primes. So five 
errors in all were found in Mer- 
senne’s conjecture—‘three’ of omis¬ 
sion and ‘two’ of commission - in a 
period of three centuries prior to the 
advent of computers (for a recent 
status-list of Mersenne numbers see 
. The world of primes, S.R.^, August 
^ 1977, p. 501). 

Fermatian numbers or Fermatians 

1 

) It is interesting to note that all 
' odd prime numbers, Fermat num- 
I bers, and a few other numbers sati sTy 
’ an interesting relation which is writ- 
ten symbolically asNB^'^—J,i.e., N 


divides 2^'* -1. Numbers N which 
satisfy the relation‘N divides 2^^^— I’, 
written symbolually as N [ 2 ^"'- 1 , 
are called ‘Fermatians’. That all odd 
primes satisfy this relation follows 
from an important theorem due to 
Fermat. A demonstration that Fer¬ 
mat numbers satisfy this relation was 
given in On a conjecture of Fermat 
and few others (S.F.y April 1968). 
It is not difficult to show that Mer¬ 
senne numbers also satisfy this re¬ 
lation. Fermatians are important in 
the history of number theory because 
many such numbers which were not 
primes in reality were thought of as 
primes such as Fermat numbers other 
than Fj, F,, Fs, F 4 . Likewise some 
Mersenne numbers which were not 
primes in reality were thought to be 
primes as has been noted earlier. 
Composite Fermatians masqueraded 
as primes before they were found out 
because they satisfied the same rela¬ 
tion N 1 2^^“* - 1 , like all primes. How¬ 
ever, this relation is not sufficient for 
establishing primality as was appa¬ 
rently believed by some 17th century 
mathematicians ii eluding Fermat. 
This relation is, in fact, a necessary 
one only. In other words, if 
N|(2^’*-l), which means N does not 
di vide 2 ^ ^ — J, we can always say that 
N IS not a prime, but when - I, 

we cannot always be sure that N is 
a prime. The only sufficient rela¬ 
tion which establishes primality of 
any number is the following, due to 
an 18th century British mathemati¬ 
cian, John Wilson (1741-1793). 

If N 1 (N-l)!-H, i.e., N divides 
(N-l)! 4 i, then N is a prime. 
Here (N-J)! means the product of 
all the numbers from 1. to N-1, i.e., 
(N-I)!»=lx2x3x4x5x..x (N- 1 ). 
A proof of this was given by the 
French mathematician J. L. Lang- 
rangc (1736-1813). (Lagrange was of 
Italian origin but naturalised as 
French.) 

Composite Fermatiaiis 

A great challenge to mathemati¬ 


cians was finding of Fermatians whicl 
were not primes. Compared to pri 
mes, composite Fermatians are ran 
indeed. The first ten such composite 
Fermatians are listed below : 


341 

1729 

561. 

1905 

645 

2047 

1105 

2465 

1387 

2701 


Two mathematicians, P. Fculet of 
hclgitmand D. H. Lehmer of Ameri¬ 
ca, have tabulated all composite Fer¬ 
matians less than 10 ** (i.e.. lesi> then 
(lOOOOOOCO). From their tables it is 
found that composite Fermatians 
are quite rare compared to primes. 
There are 5 7 6 1 4 55 primes less 
than 10 ®, whereas the number of 
composite Fermatians less than 10** 
is only 2043. The numbers of com¬ 
posite Fermatians less than 10^ 
10^ !('* and 10’ arc 22, 79, 247 and 
750. The number of primes less than 
10^ 10®, 1G« and 10’ are 1229, 9592, 
79498 and 664579 respectively. 

A categorisation of the aforesaid 
2043 composite Fermatians less than 
10 ® reveals that of these 252 are 
Carmichael numbers, also called 
‘absolutely pseudo-primes’, two are 
Mersenne numbers, two are Wie- 
ferich squares, none are Fermat 
numbers, (the first composite Fer¬ 
mat number Ffi is greater than 10 ®), 
the remaining belong to none of these 
classes. 

Wieferich squares and Carutichael 
numbers 

Wieferich squares are those 
squares of prime numbers which 
satisfy the relation 1 , i.e,p* 
divides 2 ^'^ - 1 , p being a prime. 
Example, / 72 *= 1093 ®. 

Carmichael numbers, also called 
‘absolutely pseudo-prime numbers’ , 
are numbers ‘/w’ such that m | —a 
i.e., nt divides a*" — a, for every V’ 
relatively prime to m. An example 
is #w**56l. 
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It may be pointed out that com¬ 
posite Fermatians arc occasionally 
referred to as ‘pseudo-primes’ pre- 
sumbly because they masqueraded 


for a long time as primes before they 
were found out. 

Prasanta Choudhury 

Calcutta-7(m55 


What are drug interactions ? 


jP^RUG interactions mean themodi- 
^ fication of the effect of one 
drug by the presence of another. 
This can occur by direct or indirect 
means. Interactions may be beneficial 
or hazardous. They may be of major 
clinical significance or minor or some 
times of no clinical significance at 
all. Interactions of harmful or ha¬ 
zardous effects are called ‘Adverse 
drug reactions’. Previously the term 
‘Incompatibilities’ was used for ad¬ 
verse drug reactions but it has been 
now discarded. ‘Incompatible’ im¬ 
plies that two drugs cannot be given 
concomitantly to a patient. In most 
casesj however, the interacting drugs 
may be given if appropriate pre¬ 
cautions such as alteration in dosage, 
change in the route of adminis¬ 
tration, or some similar measures are 
taken. Sometimes two or more drugs 
are administered together as a fixed 
dose mixture known as ‘drug mix¬ 
tures’. 

The toxic effects of drug interac¬ 
tions have to be carefully monitored 
during clinical trials before putting 
the multi-drug preparations in the 


market. So combination of drugs 
must not be used for treatment of 
patients unless the drug interactions 
of this combination are well studied. 
To know the effects of drug 
interactions, understanding the 
Concept of the mechanisms 
of drug interactions is essential. In 
some cases morcthan one mechanism 
may be involved. The following is 
a general classification of drug in¬ 
teraction mechanisms. 

Physico-chemical in/cracnons are 
interactions that occur in solution 
prior to administration. For exam¬ 
ple, bromide is prescribed with phe- 
nobarbitone to have a synergistic 
antiepileptic action as bromides arc 
known to depress the convulsions 
associated with epilepsy. But if am¬ 
monium bromide and soluble barbi¬ 
turates are present together in solu¬ 
tion, ammonium bromide inter¬ 
acts chemically with soluble barbi¬ 
turates and converts them into 
insoluble barbiturates (Fig. 1) 
So to overcome this interaction 
ammonium bromide can be replaced 
by equivalent amount of sodium 


bromide without reducing the acti¬ 
vity. 

Pharmaco-kinetic interactions or 
ADME interactions are interactions 
that result in altered absorption, dis¬ 
tribution, metabolism or elimination 
of a drug. This group includes those 
interactions in which gastrointestinal 
absorption of a drug is affected, drug 
metabolism is stimulated or inhibited 
or urinary excretion is enhanced or 
inhibited, for example, tetracyclines 
cannot be taken with divalent or 
multivalent cations as the absorption 
of them IS inhibited by chelation bet¬ 
ween tetracyclines and heavy metals. 
Antacids containing divalent or tri- 
valent cations also impair the absor¬ 
ption of orally administered tetracy¬ 
clines. Sometimes patients suffering 
from fever or other complaints are 
prescribed tetracycline by the physi¬ 
cian and advised to take bread and 
milk as diet. What does the ignorant 
patient do'^ He takes tetracycline 
capsules with milk which contains 
calcium. This calcium impairs the 
absorption of tetracycline thereby 
the therapeui ic level of tetracycline is 
not maintained. 

For proper distribution of a drug, 
competition between two drugs for 
the same binding site on plasma pro¬ 
teins may have important conse¬ 
quences Phenyl-butazonc increases 
the anticoagulant activity of war¬ 
farin by replacing the protein bound 
warfarin. Thereby more free war¬ 
farin is available in the blood. Ano¬ 
ther example is salicylate. Though it 
has no anti-inflammatory action by 
itself, it potentiates the anti-inflam- 
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matory activity of corticosterone 
when both are administered. The 
mechanism is that protein-bound 
corticosterone is replaced by sali¬ 
cylate which has more binding capa¬ 
city towards proteins and free cor¬ 
ticosterone is available for eliciting 
its action on the receptor site. 

Drug interactions at metabolic 
level also play an important role. For 
example, isoniazid inhibits hydro- 
xylation of diphenlyhydantoin (anti¬ 
convulsant) and simultaneous ad¬ 
ministration of both the drufs can 
cause toxic reactions. Another cli¬ 
nically significant drug interaction is 
caused by chloramphenicol when 
administered with tolbutamide. The 
former inhibits the microsomal acti- 
vity^ resulting in impaired tolbuta¬ 
mide metabolism. Hypoglycemic 
coma may result if both of them are 
given together. 

Coming to the interactions at 
excretion level, one drug may block 
the renal excretion of another by 
competing for the same tubular trans¬ 
port system. This is exemplified by 
carnimide blocking the excretion of 
penicillin and thereby prolonging the 


^HE advancement in the tech- 
^ nology of genetic engineering 
with the breakthroughs in molecular 
biology like chemical synthesis of 
genes in the laboratory and the dis¬ 
coveries of miracle enzymes, namely, 
reverse transcriptase and restriction 
endonuclease led the biologists to 
dream about biologically curing se¬ 
veral difficult-to-cure diseases like 
diabetes, cancer, etc. Chemical ther¬ 
apy, which often results in many side 
effects and sometimes even in quite 
new diseases, prompted medical 

anH hinlnoiral ^ripntict. t.. li-aT 


penicillin plasma level. 

Hundreds of reports about drug 
interactions have flooded the clinical 
literature in recent years. The physi¬ 
cian as well as the pharmacist must 
be familiar with drug interactions of 
established clinical significance. In¬ 
teractions may involve not only the 
drugs that the physician prescribes 
but also those taken without pres¬ 
cription either by the patient on his 
own or in consultation with a phar¬ 
macist, and certain foods. Medical 
practitioners, being busy persons, 
may not be able to keep abreast of 
the reports about clinically significant 
drug interactions. It is here that the 
pharmacist plays a vital role by 
avoiding the dispensing of combina¬ 
tion of drugs with possible adverse 
drug interactions and by suitably 
advising the physicians The 
pharmacist is a vital link between the 
doctor and the patient. 

E. Vl'NKata Rao 
N, Ranga Raju 
Department of Pharmaceutical 
Sciences 

Andhra UnivetsitVy H’altair-530003 


wards biological therapy as a sub¬ 
stitute for the former and to lessen 
the much‘talked chemical hazards. 
The major breakthrough in this re¬ 
gard has been a step for biologically 
producing the hormone insulin (defi¬ 
ciency of which causes diabetes) on 
commercial scale. The existing pro¬ 
duction systems of the hormone arc 
becoming costly and difficult to meet 
the demand of the patients. 

The hormone insulin, whose de¬ 
ficiency causes diabetes (excessive 
accumulation of glucose in blood) in 


peptide chains—A and B. its imme¬ 
diate precursor is a single poly¬ 
peptide—proinsulin, which, too,con¬ 
tains two chains (A and B) connected 
by a third peptide, C. However, ac¬ 
cording to recent reports of workers, 
the initial precursor of insulin is 
another polypeptide called pre-pro- 
insulin which contains more than 
twenty additional amino acids on the 
ami no-terminus of proinsulin. Hence, 
the structure of pre-proinsulin mole¬ 
cule can be written as . 

NH 2 '(prepeptide)-B-chain-(peptide 
C)-A chain-COOH 

The alternate commercial synthe¬ 
sis of insulin started with an idea to 
incorporate the human insulin gene 
in a simple and efficient microorga¬ 
nism which can multiply fast within 
a short time and can provide the 
hormone in considerable amount. 
The efforts, in this regard, were 
initiated by Axel Ullrich and his 
colleagues in W. J. Rutter’s 
Laboratory at the Department of 
Biochemistry and Biophysics, Uni¬ 
versity of California at San Fran¬ 
cisco (USA). Instead of going for 
the isolation of the DNA sequence 
(gene) for insulin on the vast stretch 
of human DNA molecule, they 
isolated the messenger RNA (mRNA) 
for pre-proinsulin from rat islets 
of Langerhans of pancreas (clusters 
of hormone-secreting cells located in 
the pancreas of vertebrates. Two 
types of cells are found: alpha 
cells which secrete glucagon and 
beta cells which secrete insulin) 
and synthesized complementary DNA 
(cDN A) with the help of the enzyme 
reverse transcriptase. The cDNA, 
thus produced, was made to form 
its complementary helix again in 
the presence of the same enzymc- 
Since, this cDNA cannot be in¬ 
serted into the plasmid (an extra- 
chromosomal hereditary determi¬ 
nant) DNA in its present form, it 
was cut in the middle with the 


Genetic engineering and commercial 
biosynthesis of human insulin 
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separate DNA strands of the same 
insulin gene. The next problem with 
these authors was how to weld these 
DNA strands with the plasmid DNA. 
Here, advantage was taken from 
the wonderful ‘specificity’ character 
of restriction endonuclease. [Restric¬ 
tion endonuclease is a special class 
of enzymes which can cleave the 
DNA at specific sites containing the 
specific DNA sequences (T. P Singh, 
S.R., July 1978)]. The specific 
DNA sequence or recognition site 

CCAAGCTTGG 
= GGTTCGAACC 

(synthesized in the laboratory) 
of the restriction enzyme Hind 
III was used to be added at 


the two ends of each DNA strand 
with the help of T4DNA ligasc. 
These two strands, containing Hind 
III recognition sites at the two 
sides, were treated with Hind Ill 
which cleaves recognition sites 
and leaves loops at the ends of each 
DNA strand (another characteristic 
feature of restriction enzymes). These 
loops help cDNA in chemically join¬ 
ing with the similarly nicked DNA 
strands having the same type of 
loops. 

On the other hand, plasmid (here 
pMB9 plasmid) DNA is also cleaved 
with the same restriction enzyme 
leaving at the ends of the helix the 
same type of loops. In fact, the use 
of a particular restriction enzyme 


for adding desired DNA sequence 
and making loops at the two flanks 
of cDNA is made by working out a 
particular recognition site (at the 
plasmid DNA) and hence its corres¬ 
ponding enzyme. Plasmid DNA and 
cDNA both having the complemen¬ 
tary loops, thus produced, are brou¬ 
ght together and made to join with 
each other under influence of T4 
DNA ligase. This gives rise to a 
recombinant plasn .d DNA contain¬ 
ing insulin gene within The entire 
method is represented schematically 
in Fig. 1. 

Though, the above experiment 
was a breakthrough in the field of 
insulin research, ii was not free 
from many inherent shortcomings 
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Firsi aad the foremost of these is 
the problem of isolating a pure 
insulin mRNA from the islets of 
L^ngerhans, which is a rich source 
of RNA-degrading cn/yme, RNasc. 
This type of work has been done 
mostly on globin whose mRNA 
could be isolated in highly pure 
form Second is the test for the 
genuineness of inserted DNA, that 
whether this is actually an insulin 
gene or not. This can be achieved by 
hybridizing the combmant DNA 
with mRNA for insulin, isolation of 
which in pure form is again difficult 
Third, after isolation and analysis, 
the entire proinsulin gene was found 
distributed among four different 
clones of plasmid. Success lies 
in having the entir'.* proinsulin 
gene as a single molcLufe within a 
single cell and not as four different 
units whose reassembly would be 
another difficult task to perform 
So, the aim of :i project on this 
problem naturally becomes to attain 
the Synthesis of a complete insulin 
gene together with its Hanking gene 
sequences. The last but not the least 
trouble with the Ullrich’s experi¬ 
ment is the processing of the pre- 
proinsulin to mature insulin in the 
recipient host, as this precursor con¬ 
tains many extra peptides. 

Vill-Komaroff et aL (1978) went 
a step ahead by incorporating the 
recombinant DNA (constructed in 
the manner described above) into the 
bacterial cell and showing the secre¬ 
tion of complete proinsulin by them, 
which Ullrich and his group did not 
try However, both the works were 
restricted to the rat-insulin gene only, 
as the isolation of human pre-proin- 
sulin mRNA was technically 
difficult and has not yet been 
accomplished. K. Itakura and 
associates (19.77) at the Division of 
Biology, City of Hope National 
Medical Centre at Duarate, California 
adopted an alternative method to 
overcome this problem. They used 
synthesized DNA sequence for the 
two chains (A and H) of human 


insulin and inserted them separately 
into two PBR322 plasmids by the 
side of p-galactosidase gene The 
recombinant plasmids were separa¬ 
tely incorporated into Escherichia 
coli (a human-colon bacterium) cells 
and the latter were seen to secrete 
fused p-galactosidase-A chain and 
p-galactosidase-B chain separately. 
Later on, A and B chains were 
isolated m pure form and encoura¬ 
gingly in greater amount (10 mg/ 
24 gm wcl cells). 

Itaklira’s method was really a 
novel approach to the problem. Fiist, 
they took chemically synthesized 
DNA of the two chains (instead 
of using cDNA made from mRNA) 
separately and incorporated them 
separately into two different pBR322 
DNAs, avoiding the production and 
processing of extra peptides (in the 
absence of extra base sequences for 
different peptides). The other ex¬ 
cellent method was to get the two 
chains detached from the p-galacto- 
sidasc enzyme in their pure form. 
To achieve the successful detach¬ 
ment, an extra methionine codon was 
added at the N-terminus of each 
gene for A and B chains. After the 
production of the fused protein 
pairs (p-galactosidasc-A andp-galac- 
tosidasc-B), the methionine residue 
was cleaved with cyanogen bromide 
liberating pure insulin chains. This 
highly refined technology made a 
breakthrough in having only two 
chains of insulin and overcoming 
the problem of processing of insulin 
precursor. 

The further task was to estab¬ 
lish a disulphide bond in between 
the two chains and to reconstruct 
them into a mature insulin. [In v/vo, 
the proinsulin (with a B-chain-pep- 
tide C-A chain structure) folds and 
forms two disulphide bonds between 
A and B chains. Later, the connect¬ 
ing peptide C is excised to give 
rise to a mature insulin leaving the 
chains connected by disulphide bond]. 
Howe\er, as the two chains were 
scattered far apart from each 


other, the chance of disulphide bond 
formation was less and depended on 
the concentration and sudden colli¬ 
sion of the chains. 

A suggestion in this regard has 
very recently come from M. J. Gait 
(1979) of MRC Laboratory of Mole¬ 
cular Biology, Cambridge (England) 
to synthesiz-e chemically whole 
proinsulin DNAs with easily excis¬ 
able connecting peptide C and then 
to allow them for disulphide bond 
formation. The reason behind this 
is that the two chains would come 
closer to each other, thereby increas¬ 
ing the chance of bond formation. 
The problem of excising the 
connecting peptide can be 
overcome by intercalating the 
known DNA sequences (specific for 
some restriction endonuclease) at 
the two sides of the peptide C gene 
(following the above mentioned me¬ 
thod of Ullrich el ai, l.c.). The 
intercalated base sequences can later 
be cleaved by the specific restriction 
endonuclease,liberating the connec¬ 
ting peptide. Of course, the restric¬ 
tion enzyme for this purpose should 
be chosen beyond the list of those 
endonucleases which cleave the A 
and B peptides. 

Very recently, the announce¬ 
ment by Robert Crea and his 
group (1978) of the Division of 
Biology, City of Hope National 
Medical Centre, Durate, California, 
of the expression of synthetic 
human insulin genes in £. coli h^s 
further brought the dream of bio¬ 
logists nearer to reality. They have 
geared up the technology of gene 
synthesis and have made a remark¬ 
able advancement over the metho¬ 
dologies of H. G. Khorana 
(MIT, USA) and K. Itakura for 
joining synthesized oligonucleotides 
(10-15 nucleotides long DNA). It 
has resulted in completing the whole 
task of synthesizing a DNA strand 
(including that for insulin) within a 
fraction of time (in fact, in terms of 
man years) compared with that re¬ 
quired for the synthesis of 77-nucleo* 
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tide long tyrosine transfer RNA 
gene by Khorana. Crca’s ‘phospho- 
rr/cster’ synthetic technology’ (a 
substitute for Khorana’s phopho- 
^/ester technology) and rapid puri~ 
fication techniques with the help of 
Hi-P (high-performance) liquid chro¬ 
matography have been the two main 


factors deserving credit for great¬ 
ly reducing the expensive task for 
commercial production of insulin. 

T. P. Singh 
Chromosome Research Laboratory 
Botany Deptt. 
Calcutta University 
Calcutta-700019 


Uracil in DNA 


I N almost all text books on 
biochemistry, genetics and 
related subjects it is mentioned 
that deoxyribonucleic acid (DNA) 
contains two types of bases: purines, 
adenine (A) and guanine (G); and 
pyrimidines, thymine (T) and cyto¬ 
sine (C) and ribonucleic acid (RNA) 
also contains two types of bases: 
purines, adenine (A) and guanine 
(G); and pyrimidines, uracil (U) and 
cytosine (C). However there are 
some differences too: (I) DNA con¬ 
tains deoxyribose sugar moiety 
whereas RNA contains ribose(Fig. I), 
hence the name; (2) RNA contains 
u pyrimidine base uracil (U) in place 
of closely related other pyrimidine 
base thimine (T) in DNA; other 
purines and pyrimidine bases being 
same in both DNA and RNA; and 
(3) RNA is mostly a single stranded 
molecule whereas DNA is generally 
double stranded. Inspitc of these 
differences both DNA and RNA 
have the ability to form double 
helical structures, like the two com¬ 
plementary strands of DNA are able 
to do, when allowed to come to¬ 
gether. Neither the additional 
hydroxyl group nor the absence of 
the methyl group found in thynxiiie 
(Fig. I) affects RNA’s ability to form 
double-helical structures held to¬ 
gether by hydrogen bonded base 
pairs. 

But not given in the books is an 
answer to the question why DNA 


docs not contain uracil? 

It is not that the uracil molecules 
are only available for RNA from the 
existing pool in the cell but are 
equally for DNA. Specifically, an 
enzyme called cytosine deaminase is 
engaged in converting the cytosine 
molecules of DNA into uracil by 
removing the amino group of the 
former (Fig. 2). 




DNA 


It has been experimentally observ¬ 
ed that replacement of uracil in place 
of thymine in DNA molecule reduces 
the thermal stability of the molecule 
because uracil bases do not stack as 
effectively as the thymine bases do 
with the complementary bases A. 
But that is not very important. 
According to Huber Warner 
and Bruce Duncan of the University 
of Minnesota, U.S.A., “the wide 
range of thermal stabilities of DNA 
in various organisms suggests that 
the thermal stability of the DNA is 
not biologically significant” {Nature^ 
272 ; 32) and also under some speci¬ 
fied conditions, they were in a posi¬ 
tion to produce biologically active 
T4 bacteriophage in which 30% 
replacement of thymine by uracil 
could be tolerated. This T4 bacterio¬ 
phage, designated as T4:U, was 
viable and could replicate and re¬ 
produce well to give rise to viable 
progeny. But why not then DNA 
contains U ? 




H 

URACIL 


(ABSENCE OF A METHYL GROUP) 
H OHt 

OH OH 



RNA 



SCIENCE SPECTRUM 



CYTOSINE URACIL 

Fig. 7, Cytosine deaminase actU ily 


Under norma! conditions, the 
incorporation of uracil m DNA is 
inhibited and if somehow any uracil 
is already present in the DNA 
molecule, it is removed to give an 
overall picture that DNA do not 
contain uracil at all. Inhibition and 
removal of U are the two separate 
processes executed by two separate 
enzymes : the dUTPase and the 
uracil-DNA glycosidase, respecti¬ 
vely. The role of dUTPase is to keep 
the DUTP (deoxyuridine triphos¬ 
phate) pool low by hydroxlysing or 
converting it into (dUMP deoxyuri¬ 
dine monophosphate) so that the 
availability of the desired triphos¬ 
phates is reduced; monophosphates 
as such, it is well-known, cannot 
participate in the nucleic acid bio¬ 
synthesis but triphosphates do 
readily. The dUMP pool that results 
from the dUTPase activity acts, in 
turn, as substrate for the formation 
of dTTP (dcoxythvmidinc triphos- 
phate> with the help of another 
enzyme known as thymidylate synthe¬ 
tase thereby making T readily avail¬ 
able to DNA, but at the expense of 
uracil. The role of the second enzyme, 

( 1 ) 

dUTP -^ dOMP 


the uracil-DNA glycosidase, is to 
remove specifically those uracil mole¬ 
cules which are already present in 
cither single or double stranded DNA 
molecules. So, if these two 
uracil ‘killing’ enzymes are present 
in any system, no DNA could con¬ 
tain uracil. Conversely if these are 
absent, DNA may have uracil. 

S.J. Hochauser and B. Weiss of 
the Johns Hopkins University, USA, 
in 1976 isolated some such viable 
Escherichia coli mutants which have 
no activity of dUTPase (the dut“ 
mutants). These mutants cannot 
change dUTP into dUMP and there¬ 
fore, can allow incorporation of 
labelled uracil into DNA. But accor¬ 
ding to Lindhal (1976) the in¬ 
corporated uracil gets “repaired” 
almost immediately because of the 
activity of uracil-DNA glycosidase. 
Duncan and his colleagues of the 
University of Minnesota, USA, on 
the other hand, were successful in 
1976 in isolating some viable E. coli 
mutants which had no .uracil-DNA 
glycosidase activity (ung” mutants). 
But, as expected, this mutant also 
could not incorporate uracil because 


of the activity of the other “killer” 
enzyme. So, if any uracil is to be 
incorporated into DNA, the activity 
of both of these enzymes should not 
be there. 

Warner and Duncan have 
very recently succeeded in isolating 
such E, coli double mutants. These 
were designated as dut” ung” double 
mutants against the normal dut'*' 
ung'^ individuals. In order to study 
the extent of IJ incorporation, both 
the wild-type (which cannot take up 
U) and mutated (which can take up 
U) T4 phage particles were grown 
in dug*^ ung“*^ and the duf ung“ 
£. coli mutants in presence of label¬ 
led uridine and then analysis was 
done of the T4 progeny to determine 
the amount of radioactivity. They 
concluded that whereas no uracil is 
found in T4 DNA in dut^ ung+ £. 
coli but it is indeed found in T 4 
DNA progeny multiplied in the dug“ 
ung~ and “about 30% of the thymine 
has been replaced by uracil in this 
(T4) DNA” {Nature, 272 , ^2). The 
progeny of the uracil containing T4 
phage (T4:U) was functioning 
reasonably well showing thereby that 
the presence of 30% uracil in the 
DNA can be tolerated by the cell 
machinery during replication and 
transcription. Another recent 
study also indicates that the level of 
I uracil per 100 nucleotides can be 
tolerated in E. coli mutants and the 
uracil persists in the cell for quite a 
number of generations. If these two 
studies of uracil incorporation in 
T4 and E. coli are considered together, 
these “strongly suggest that uracil 
incorporation into DNA is a common 
phenomenon” (O’ Donovan, Nature^ 
272 , 582). 

It has been suggested that actually 


( 2 ) 

-^ dTMP -> dTDP ->dTTP 

Fig. X The rote of dUTPase 
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Fig. 4. Path of traasition mutation from 
G : C to A : T and pomible site 
for the attack of uracil-DNA gly- 
cosidase enaymc 


removed from the DNA molecule 
and not the replacements giving an 
overall picture that DNA do not 
contain U at all. 


Submash S. Arora 
Karen S. Arora 
Genetics Section 
Central Arid Zone Research Institute 
Jodhpur’342003 


A new hormone-like 
substance—endorphin 


the role of the enzyme uracil-DNA 
glycosidase is to preferably attack 
only those uracil molecules which 
are formed as a result of in situ 
transitions oi cytosine to uracil by 
removing the ammo group from the 
former by the action of an cytosine 
deaminase. Cytosine deaminase how¬ 
ever docs not affect the occasio^ial re¬ 
placements of U IP place of T as these 
replacements do not have serious 
consequences. T he proposed path of 
transition mutation is G:C—>-G:U->* 
A:U-*-A;T. The uracil-DNA glyco¬ 
sidase attacks the A:U base pairs in 
preference to G;U pairs and helps 
A to find its normal partner T and 
thus forms more number of A:T 
base pairs. The presence of large 
number of A:T base pairs in DNA 
helps effective excision and re¬ 
pair of potentially mutagenic G;U 
mismatches produced by cytosine 
deamination. “The most critical role 
of uracil-DNA glycosidase in vivo 
may be to prevent transition muta¬ 
tions caused by deamination of uracil 
in DNA; the presence of A:T base 
pairs rather than A:U base 
pairs in DNA permits specific 
recognition and repair of potentially 
mutagenin G — U mismatches pro¬ 
duced by cytosine deamination” 
(Warner and Duncan, Nature^ 272 , 
32). So the enzyme uracil-DNA gly¬ 
cosidase acts as a “defence” against 
the potential lethal m .viru transition 
mutations which could be harmful to 
the organism if U molecules are not 


T he term hormone is defined as 
the substance secreted by the 
endocrine gland directly into the 
blood stream and acting at a site 
different from its origin. With the 
advent of new microtechniques of 
detection and determination, a large 
number of substances qualifying for 
hormones have been identified from 
non-endocrine organs such as stom¬ 
ach, intestine, kidney, etc., and, for 
distinction, have been categorised as 
parahormones or autacoids. To the 
list has been added a new substance 
called endorphin. 

The name endorphin was coined 
by Eric J. Simon of Department 
of Medicine, New York University 
Medical Centre, New York, U S.A. 
from the prefix •Endo’ signifying 
endogenous and ‘orphin* indicating 
its opioid activity. So the word 
endorphin conveys that it is an endo¬ 
genous substance with opioid acti¬ 
vity. The discovery of endorphin 
bears its inheritance from the isola¬ 
tion and characterisation of a poly¬ 
peptide called i9-lipotropin discover¬ 
ed by Choh Hao Li of Hormone 
Research laboratory. University of 


California, U. S. A. m 1964. This 
polypeptide was isolated from sheep 
pituitary and was shown to have a 
sequence of 91 residues of amino 
acids. It possessed lipolytic activity 
in several systems but not morphi- 
nomimetic activity. However, frag¬ 
ments of p-Iipotropin were shown 
to possess morphinomimetic activity 
in the same system. This initiated an 
impetus for isolation and characterisa¬ 
tion of newer morphinomimetic poly¬ 
peptides from the pituitary and the 
brain of several species of animals. 

Roger Guillemin of the Salk In¬ 
stitute of California, U.S.A. isola¬ 
ted two opiatc-like peptides from 
pig posterior pituitary and hypo¬ 
thalamic extracts in 1976 and ter¬ 
med them as alpha and gamma en¬ 
dorphin. Further investigations 
revealed that alpha and gamma 
endorphin had amino acid sequence 
identical to the sequence of ) 8 -lipo- 
tropin from 61 to 76 and 61 to 77 
respectively. In the same year, Choh 
Hao Li and David Chung of Hormone 
Research Laboratory, California, 
U.S.A., during the course of isola¬ 
tion of mclanotropins from camel 
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Alfa endorphin H Tyr-Gly-Qly-Phe-Met-Thr-Ser-Qlu 'Lys' 

SerQln-Thr-Pro-Leu'Val-Thr- OH 

m * 

Qamma endorphin _ H-Tyr-Qly-Qly-Phe-Met-Thr-Ser-Qlu * Lys- 

Ser-Qln-Thr-Pro'LeuVal-Thr-Leu'OH 

Beta endorphin ^ HTyr-Gly-Qly-Phe-Met-Thr-Ser-Qlu - Lys-Ser- 

. Gln-Thr-Pro-Leu'Val-Thr-Leu-Plie -Lys-Asn- 
Ala-lle-lle-Lys-AsnAla-His-Lys-LysGly* 
QIn-OH 

Fis.! 


pituitary glands obtained an untria- 
kontapeptide that had an amino 
acid sequence identical to COOH- 
tcrminal 31 residues of p-lipotropin. 
These workers designated this pep¬ 
tide as beta-endorphin. Now, the 
endorphins have been extracted from 
the pituitaries of several species of 
animals such as rat, pig, cattle, sheep 
and human. Further, it is found, that 
the concentration (per unit of tissue 
wt.) is about 8 times higher in the 
posterior pituitary than in anterior 
pituitary, thus the total activity is 
about equal in the two lobes. The 
sequence’of amino acid residues of 
three types of endorphin was 
characterised as shown in Fig. 1. 

Tn addition to these endorphins, 
two short chain polypeptides were 
also isolated from pig brain by J Hu¬ 
ghes, and his coworkers of Marischal 
College, Unit Research Addict Drugs. 
Aberdeen, Scotland in 1975. They 
called them Met^-enkephalin and 
Leu*-enkephalin. These peptides pos¬ 
sessed morphine-like activity and had 
an amino acid sequence common to 
61 to 65 that of p-lipotropin and is 
identical to the NH,-terminal sequ¬ 
ence of the untriakontapeptide re¬ 
ported by C. H. Li. The structure of 
Met-enkephalin was reported to be 
H-Tyr-Gly-Gly-Phe-Met-OH and 
that of Leu-enkephalin as H-Tyr 
Gly-Gly-Phe-Leu-OH. However, it 
is doubtful if the enkephalin are the 
natural products. It is likely that 
these pentapeptides might be the 
degradation products or even arti¬ 
facts of the isolation procedures. 


Thus existence of enkephalins as 
independent hormone playing a 
vulnerable physiological role is yet 
to be established. 

The importance and physiologi¬ 
cal role of endorphin has not been 
well understood. Besides morphino- 
mimetic activity, endorphins have 
been shown to play a role in modula¬ 
ting pain and thermoregulation. 
Endorphins probably also play 


T he ability of a crop variety to 
give stable yields over a wide 
range of agroclimatic conditions is a 
highly desirable trait. Some of the 
popular old crop varieties like M-35- 
1 sorghum, Lakshmi cotton or 
Spanish Improved groundnut owed 
their wide geographic distribution 
to their adaptability, which enabled 
them to give stable yields under 
a relatively wide range of agrocli¬ 
matic conditions. These varieties were 
not only tolerant to drought and 
diseases, but were also adapted to 
poor agronomic conditions. They 
could give some yield even under 
unfavourable conditions. However 
these traditional old varieties had 
one drawback. They were inherently 
low yielding. 


some role in the control of effective 
states and also of apetitive drives 
(food, water, sex) known to be 
associated with limbic system func¬ 
tion. Presumably, they might be 
acting as neurotransmitters. Recently, 
endorphins have been shown to be 
potent stimulants for growth hor¬ 
mone and prolactin, release when 
injected appropriately into the 
brain. However, this activity has 
not been demonstrated in vitro. 
With the keen interest being evinced 
by the researchers, it can be presum¬ 
ed that the functions of this hormone 
will be well defined and this oilgopep- 
tidc may find a place on physicians’ 
prescription as a panacea for dubious 
ailments. 

S. P. Agarwal 
Deptt. of Physiology 

Pharmacology 
Haryana Agricultural University 

Hissar 


Breeding for high yield became a 
necessity in the late fifties because 
of urgent need to supply an ever¬ 
growing population with agricultural 
products. Development of shoit sta- 
tured varieties of wheat and rice was 
first step in this direction. Both these 
cereal types required high levels of 
fertilizers, high seed rates and, most 
important of all, they needed irriga¬ 
tion. In short, the new high yielding 
varieties of rice and wheat needed 
good agronomic management and a 
high level of inputs. In a state like 
Punjab, where almost 80% of the 
agricultural land is irrigated, the 
entire state could switch from old 
wheat varieties to new ones, ushering 
into that state the "'green 
revolution”. But in rest of the coun- 


Biochemical basis of 
yield stability 
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I. ^ kW of r SH-8 <lnbrid) and NRS-9 
(inhrrd) sorj^hum in rolaliun to the 
«juality of the environment 

try, where dry larmiati is still the pre- 
dommanl mode of agriculture, in* 
troduction of the 'wonder \ancucs’' 
of w heal and rice gave rise to a dis¬ 
turbing new' imbalance in rural eco¬ 
nomy- 

Because the nevs high yielding 
varieties required high levels of fer* 
till/"er inputs, good agronomic mana¬ 
gement and adequate irrigation, they 
could be gro'Aii successfully only b> 
the wcli'to-do farmcis- There is no 
doubt whaisoevei, that the high yield¬ 
ing wheat and rice varieties made the 
country self-sufficient in food, but 
W'c cannot ignore the fact that these 
varieties made the nch richer, while 
the poor were bypassed by the new 
rural prosperity. 

Apart from being a cause of rural 
economic imbalance, thenew varieties 
also caused concern to planners be¬ 
cause of instability of their perfor¬ 
mance. J-ligh yielding wheat varieties 
require regular irrigation, at least 
once every three weeks. Shortages of 
diesel and electricity have seriously 
disturbed irrigation schedules in the 
recent past to cause an appreciable 
fall in the national production. Ano¬ 
ther factor, recently brought to the 
notice of wheat farmers was that (he 
dwarf wheats required a colder tem¬ 
perature than traditional tall wheats. 
Exceptionally warm weather during 
tillering phase of wheat caused yield 
losses consecutively for three years 
from 1977 to 1979 in Maharashtra. 


High yielding varieties arc r(u:^ 
finely tuned and delicate systems, 
which need just the right conauions 
for best pcrfiirmance. If they do uoi 
receive care and right amount ul in¬ 
puts, they show a dra .lic fall m yield 
l:\trcmcly high yields under j 
high level of managemcni would 
be preferred by farmers who van 
afif'^rd to provide necessary caie 
and inputs Bui from the poinr ol 
\ lew of the average dryland farmer 
and national eeoru)my, somewhat 
|owe*r yield potential, with, siable 
performance under varying condi¬ 
tions, woiiul be more dcsiiable 

Asa textbook adage, Indian plan? 
breeders already knew that hybrids 
generally showed greater auaptabiiuv 
to diftercnt environmenis than inbted 
varieties \'ahdit> ed'tins observaiK-n 
waspioved in tire Indian context only 
after the introduction vif h>brid 
crope As an example ot a hybrid 
crop showing greater yield sUibilitv 
than an inbr'ed variety, wc mav 
mention a sorghum ^arietv trial 
conducted by us in wmiei 
This trial included Ifi sorghum 
varieties and it was tcf^eaied at \2 
difl'eient locations log \ shows 
yields of two ot the entries in 
relation to the location mean 
yield C'SII-8 is a released hybrid 
w^hile NRS-9 is a high yielding in- 
bred variety. Since agrociimatie and 
soil factors varied from loeatum to 
location, the mean yield of all the 
10 varieties at any given location can 
be taken to be an indicator of the 
quality of the environment The loca 
tion mean yield improves as tne 
environment becomes favimrable 
and declines as the environment 
becomes unfavourable. The sleep 
slope of the line representing 
NRS-9 shows that its yield 
is strongly influenced by the 
environment, while the gentle slope 
of the line representing the yield of 
CSH-8 indicates that its yielding 
ability IS not affected much by en¬ 
vironmental factors. Plant breeders 
tried to explain the wider adaptability 


(>] a hybrid by the tact, rhai beeau' C 
a h\bnd inherits gcncv from twi> 
diverse parental lines, ji icpiestnis 
a moie butfered biological system 
ihan an inbred line Bui until icccn- 
tl> rhev were ai a loss ti> explain 
exactly how dc>es the buflering oceui 
Ri.eenT advances in our undem 
standing ol the action of genes 
and bnieficmisliy have shown 
dial ihe stabihts ol peritvrmance 
ot j hvbnd htis a detinue bio- 
elicmi\.al basis If is a we*ll known 
tact dial a I! biov^hcmica? reactions 
are eatalvscd by proteinou'-catalysts 
vailed en/;ymcs 'Mthough, lor the 
sake ol convenience' one assumes tl»e 
[viesi.net' ol a single cn/y'we lf?r anv 
eiv'cn leaeium, plants aetualK 
possess several en/vme^ \oy this 
pmptise 1 hese en/ymes dnlci 1 rom 
oneanoilivi in ilieir physKviehemieal 
piopeiiies and san iheiefoie he se- 
[vaiatet.! trtnn each oihei means ot 
^[leeial tevhniques like gid-elct 1 
photesjs Such en/ymes, which cala- 
Ivse ofie and the same reaelion, hut 


lahW I. 

Actoity 

ol polyphenoloxi- 


dast^ in 

the leaves of three 


ly>hrids and th>eir 


parents 




value 
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0 1 1 
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0.01 
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0.05 
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0,20 
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e 


0.10 

U K 0-5 
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0.02 
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'Oxidarion causes phenolic cnrnpound.v 
to assume a darker .tloui i)aia in the 
table show light exnnciion values ol 
a catechol solution al wavelcnglh 420 nri. 
30 mm after the enzyme extract of 
the test planis was added to u Higher 
extinction values represent higher enzvn'' 
activity.) 
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which arc diflcreat physicochemical 
entities, are termed i^ocn/ymes. If 
dilTercnt isoenzymes are brought to¬ 
gether, they show an enhanced en/y- 
mic activity, a phenomenon also 
called isoen/yine complementation. 
Such a complementation can 
occur not only in vitro but also in vivo 
when dillercnt isocn/ymes belong¬ 
ing to dillcrent parents arc brought 
together in the cells of a hybrid or¬ 
ganism, following the simple laws of 
inheritance. Data presented m Table 
I, which shows the activity of the 
cn/yme polyphenoloxidasc m the 
case of three safllower hybrids and 
their respective parents, clearly indi¬ 
cates that the en/ynie activity shown 
by hybrids is greater than that of 
their paienls. 

But an increased activity level is 
not the only phenomenon that oc¬ 
curs when isoenzymes of diverse 
origin arc brought together The fact 
has already been mentioned that 
although isoenzymes catalyse one 
and the same reaction, they differ 
from each other in ihcir physico¬ 
chemical properties As a result of 
these differences, they also differ 
from each other in then' sensitivity to 
external factors like temperature, 
light intensity, pU of substrate, etc 
Therefore, when isoenzymes of 
diverse physicochemical properties 
come together to finm an enzyme 
system, they not only show a higher 
activity level, but also a higher 
tolerance to a w ide range of environ¬ 
mental factors. H is this bufl'ering at 
the enzymic level, which is supposed 
to make a hybiid physiologically 
more capable of functioning efficient¬ 
ly under varying environments than 
an inbred variety 

Conclusive proof is still lacking 
to suppi'rt the assumption that the 
performance stability of a hybrid is 
entirely due to the phenomenon of 
isoenzyme complementation and the 
resulting tolerance of the enzyme 
Systems to .1 wider lange of environ¬ 


ments There is, howcvei, enough 
evidence to show a strongcor relation 
between the performance of enzyme 
systems and the performance of a 
plant 'indci held conditions. Taking 
a clue Horn these findings, several 
research centres all over the world 
have started work on the feasibility 
of predicting the yielding ability and 
performance stability of varieties 
and hybtids on the basis of simple 


Plant polytene 


'THi great genetic discoveries 
^ which have resulted from the 
thorough study of salivary gland 
chromosomes (giant chromosomes 
or polytene chiomosonies) in the 
larvae of Drosophila and other dip- 
tcran insects have stimulated in¬ 
vestigation of large chromosomes 
in other forms of life. In 1962 
plant polytene chromosomes were 
denionstiated by W Nagl of 
the Institute of Botany, University 
of V ienna (presently attached to the 
l^epartment of Biology, The Univer¬ 
sity, Kaiserlautern, FRG) in the 
giant basa! cells of the suspensors of 
the embryo of Phascolus coccincus 
(runner bean). Such structures 
in suspensors have already been 
observed (though not realized) by 
Bianchi (I 946) in Uoidia serotina and 
were later found in two Hclohic by 
Hasitschka-Jenschke (1955; vide 
Zeit Schrift fur Pfian/enphysiologie, 
73 , p. 2, 1974) who compared them 
with sail very gland chromosomes of 
dipteran liics. 

The suspensor is a short-lived 
organ which develops prematurely 
but whose cells are not involved 
in the formation of the seedling. It 
IS attached only to the early proem- 


laboratory leMs If these techniques 
are properly developed it may soon 
become possible to replace the costly 
and time consuming field trials of 
crop varieties and hybrids by a set 
of quick laboratory tests. 

A. D Karvf 
Director^ Nimhkar Agri. Res. 
Institute, Phaltany Di. Satara 
{M aharashtra) 


chromosomes 

bryo which later forms the entire 
post-embryonic plant (Fig. 1). An 
interesting feature of the suspensor 
of many plant species is that cells 
cease mitosis early and differentiate 
through endopolyploidization to large 
cells that connect the embryo to the 
maternal seed wall 

Further investigations have shown 
that the polytcnic nuclei could be 
seen in vHher parts of the plant body. 
H V. ivaiiuvskaya of Biological 
Faculty of Moscow State University 
(1973) reported various functional 
structures in the giant chromosomes 
occurring in wheat antipodal cells. 
Similarly, Nagl (1976) also reported 
polylenic nuclei in antipodal cells 
in Scilla biflora Another interesting 



Fig. 1. Diagrammatic presentation of a 
median longitudinal section through 
an ovule of Phaseolus coccineus; 
E-embryo with growing cotyledons, 
F-fiinjculus, M-mkropyle, Shbus » 
pensor iProm W. Nagt, iy74) 
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polyploidy ol iIk’-c ciuli'p.jlyplo'dy 
ccDb vverc loiind lutdi ,is 

i v2n compared lo 2n (Na^jJ, 1974) 
Plant polyteiic chromos<^mes ap¬ 
pear to he usually unpaired and 
'hcieforc, occur in the diploul num¬ 
ber In antipodal cells they arc found 
nt the haploid number (Nagb 1974), 
Plant polylene chromosomes are not 
showing K'guiai bands and inter- 
bands as lound m dipteran poiytene 
ihroniosomes at ordinaiy tempera- 
tuie ig 2a I However, pull's 
. functional uiiil'C, are icj'iorted (Nagl, 


I'ij;. 2.(so Diree pol\ tene chromosomes of I^haseoin\ vulgaris found in the eiidop<»l,vploid 

adjacent to the root tip meristem One diploid chromosome (arrowed) h )>in^ 
beside on polylene chromosome i/ roni Bhattacharya, 1978). (b) Diploid cliromo- 
somes in the root meristem of Ph \'ul/^ari\ 


report by the present author (Bhalta- 
charya, Cvtolo}>ici^ 43 , 631-637, I97S, 
Curr, Sd , 48 , 635-637, 1977) is the 
presence of polytcnic chromosomes 
in the eridopolyploid cells adjacent to 
the root tip mcriSlem of Phascalus 
vuli^aris fFrcncli bean), Ph. aureus 
CMuag)j yenevinsKs (a weed 

belonging to the family Labiatca) 
(Figs. 2a, 2b, 2c). 

Poiytene or giant chn)mosomes arc 
bundles of si retched interphasc chro¬ 
mosomes which originate by incicasc 



in transversal multiplicity as a resuli 
of endomit(>tic cell cycles or end ore 
duplicatum cycles without sepaia- 
lion of the produced sister chromoso¬ 
mes (or cndochromosomes), The type , 
of cell cycles allowing the formation 
of poiytene chromosomes^ are shown 
in Fig 3 1 he length of the giant 

chromosomes is 15 lo ^0 tirties 
greater compared to that of the 
diploid chromosomes Both the 
length and the diameter of the giant 
chromosomes depend on the degree 
ofcndopolvpioidy, the functional slate 
and somewhat on the artificial slrc- 
»^cliuie during r>reparaiion I e\ci of 





BhaoiJ’Mvu 1978: Bands 



Fig. 3. Diagram oi the mifotu* ''ell < ^ck*, and 
its altcratiun (short-cut) m the ct>urse 
of encioreduplicatioii and cnditniitosis 
rom Najjb 1974) 

appear after special treatment ( big 4). 
The cnchjomatic portions ol' the 
poiytene dir t>mosomes norPMlIy 
exhibit a gmanglar di’imK'iuewr 



Sig. 2(c). Eiidopolyploid cells (the largest 
ones) found adjaioent lo the ro<>r 
meristem. One is prominent with 
poiytene chromosomes (arrowed) 
iBhattacharya, 1979) 


4. I ivt pol,>(ene chroinos^imes after 48 hour cold treatment ^laun d niih orcein 
dark and light bands and interbands (BhatCactiarya, 1978) 


sho»' toa 
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Flg, 5. Schcnunic drH>%mn ol the (Jc'\clopmeiit 
of the lampbrush state as b> 

NaRMI970) 

striiCtuic with sonic hctcrochic)niatic 
Mocks and hands (figs 2a and 4). 
A unique feature of the giant 
chromosomes ol Ph ^occincns is 
the occurrence of a lai pbrush state 
wfiicb takes place ''nder certain 
environmental stimuh (f ig NagI, 
J970) 

DNA replication pattern t)r the 
polytenc chrom<>s<^ines could he 
seen within 2-4 houis for the wfu>lc 
length (NagI, 1976, lihattacharya, 
197S^, whereas in nicta phase 
chiornosome** 6-1 2 hours arc required 
for the same purpos(' Avan/i tf a! 
(Institute of Botany, Lhiiversity 
of Pisa, Italy, 1972) ha\e shown the 
loci of ribosoinal t istrons, i.c., rDNA 
(which IS responsible lor nbi^sonial 
RNA) mi the nuclco!uS“i>rgamsmg 
region ol polytenc chromosome pairs 
No 1 and in Ph ax cineus and in 
the proximal heterochromatic seg¬ 
ment ol the long arm of Chromosome 
pair No, I as well as in the terminal 
heterochromalm i)f chromosome 
pair No 2. Similar results were found 
by Brady and C hitter (J Cell Biol , 53 , 
S27, 1972) m polytenc chromosomes 
of Ph vul^aths and Ph. coccinvus 
with radioactive rRN A from germina¬ 
ted seeds of Ph, vulga is 

7'he activities of polytenc chromo¬ 
somes are DNA synthesis, RNA 
synthesis and production of micronii 
clcoli The significance of endopoly- 
ploidy and polytcriy lies possibly in 
protein synthesis in short-lived, but 
highly ,spcciali/cd cells. 


Obviously, Ihe study of plant 
polytene chromosomes like dipteran 
polytenc chromosomes has opened 
new vistas to the plant geneticists 
and holds good promise of further 


"lY^jANV substances, that are in 
soluble or very sparingly soluble 
in a sol vent, dissolve 10 a considerably 
greater exienl in presence of very 
small amount of surfactants The 
increased solubility of the compound 
in the presence of a surfactant is 
called soiubili/alion The phenomenon 
IS utili/cd in many pharmaceutical, 
industrial and biological processes 
which cover wide area of application 

In a solvent, like water, surfactant 
molecules associate to form ]) 3 rticles 
of colloidal dimensions called micel¬ 
les The structure of micelles is such 
that the hydrophobic (water repel¬ 
lent) ends remain close together 
whereas the hydrophilic polar head 
groups dissolve in water. The 
substance to be solubilized, 
c,g., benzene, being hydro- 
phobic in nature gets attached to 
the hydrophobic end of the micelles. 
Several factois such a. nature of 
surfactant, temperature, electlolylcs 
and others which favour micelle 
formation influence solubilization. 

Solubilization is different from 
emulsification: in the former process 
thermodynamically stable solution 
IS formed- Insoluble substances may 
also be solubilized in water by addi¬ 
tion of fairly high concentration of 
some substances like sodium benzoate 
or sodium salicylate which do not 
formn micelle. The phenomenon is 
called hydrotropy and is different 
from micellar solubilization. 

There are many pharmaceutical 
substances which have only a limited 


research. 

Sima Bhattacharva 
Botany Deptt, 
Kalyani University, Nadia 
West Bengal 


solubility in water. This presents 
formidable problems to formulators 
of acceptable doses. The use of 
.solubilizers increases the soU bility 
of sparingly soluble drugs and has 
been widely used in pharmacy. 

Before the advent of commercial 
surfactants, a common method of 
increasing the solubility of drugs 
was to employ a two-component 
solvent system or a hydrotropic 
agent (a substance that increases the 
miscibility of two liquids or a liquid 
and a solid). But the use of alcohol- 
water mixture, for example, is limi¬ 
ted and hydroCropic compounds arc 
usually effectiveinhigh concentration 
which places a restriction on 
their use. With the large-scale 
introduction of surface-active agents 
and the discovery of the phenomenon 
of micellar solubilization, its phaima- 
ceutical applications soon became 
obvious. Water insoluble bactericides, 
vitamins, steroids, essential oils, 
antibiotics, dyes, etc., can now be 
solubilized for easier application in 
medicinal preparations. (Some drugs 
themselves form micelles and behave 
like surfactants). Many steroid hor¬ 
mones have low aqueous solubility 
but can be solubilized in presence of 
surfactant proteins and bile salts. A 
concentrated solution of sex hormones 
and their derivatives can be prepared 
in bile acids and their salts. Water 
insoluble vitamins (A, D, E and K) 
can also be solubilized in surfactant 
solutions. 

Solubilization is utilized in many 


Solubilisation and its 
applications 
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industrial processes. The processes 
of emulsion polymerization^ deter¬ 
gency, dyeing and repainting, etc., 
are associated with solubilization. 
The preparation of perfumery pro¬ 
ducts and the formulation of cosmetic 
materials, and herbicides m surfac¬ 
tant solutions are of great signifi¬ 
cance. 

Because of their multifarious ef¬ 
fects on the physical properties ot 
solutions, surface active agents in 
many cases have pronounced effects 
on the biological activity of drugs in 
contact with them, c.g , the hypnotic 


effect i>r chloral hydrate is enhanced 
bypolysorbate— a non-ionu'surfactant 
Many non-ionic surfactant solubi¬ 
lized preservatives, antibacterial and 
antifungal agents are used in hair 
shampoos and skin cleansing agents 
Essential oils from plants can be 
isolated by solubilizing the oil uith 
an acid surfactant and then liberating 
It from soliHion by the addition i)t 
an electrolyte 

PM td )’ 1 A 
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Food poisoning by the 
fungus Fusarium 


POILAGE of food and food 
crops by fungi and diseases 
caused by consumption of mouldy 
foods (mycotoxicoses) are serious 
problems particularly in deve¬ 
loping countries where climate is 
moist and warm. These factors 
facilitate fungal growth. Mouldy 
food should normally be destroyed 
but in adverse economic or social situa¬ 
tion it may have to be consumed of 
necessity, f ungi grv>vv on and within 
the food. During growth they may 
produce their own toxins (mycoto- 
xin" or chemically transform noimaily 
harmless compounds in the substrate 
into poisonous ones. Mycotoxi- 
coses have distinctive characteristics. 
The disease is not transmissible 
Drugs and antibiotics have little 
effect. Field outbreaks often occur 
seasonally or are linked to certain 
climatic conditions. MyCotoxicoscs 
are of great significance in the health 
of animals. Components of many 
feeds prepared on the farm or manu 
factured commercially are heavily 
infected by fungi capable of producing 
toxins. Although many species of 
fungi Common in feeds can produce 
porenr toxins, those produced by 


the fungus i'ustinuDi luive recciv d 
wide attemion because ol its greater 
incidence and imfwiance than any 
other mycotoxins 

A number ol reports on toxicoses 
both III humans and animals ingcsi- 
ing grams lutecied by I usunim, have 
appeared in Japanese hte«ature 
Toxicity occunence in humans in 
Tokyo in 1946 and Hokkaido in 
1949 SO were attributed to conta 
mination by lusariim isolated from 
wheet samples 

Alimentary toxic aleukia or sep¬ 
tic angina which is characterized by 
fever; hcmmorhagic rash, bleeding 
frtnn nose, throat, gums, sepsis, 
exhaustion of bone marow has been 
recorded in Russia since 19th cvm 
tury In 1932, the disease reappeared 
suddenly in endemic form in several 
districts of Siberia Mortality rate 
was high and whole lamilies or 
even entire villages were alfceted, 
mostly in agricultural areas In l944, 
populations in Orenburg and other 
districts of Russia suffered enormous 
casualties; more than ten per cent 
being affected. The cause c>f the 
disea.se was reported as food toxicity 
by the fungus Fusarium 


Since 1919, a recurring problem 
for hog feederv tiu United State.s 
has been Fusarium infected grains, 
exacerbated in 1971 by an unusual 
Cord and wet year, Fusarium con¬ 
taminated grains when fed to swine 
or animals cause either refusal or 
V omit mg 

Although toxicological icscarch 
<u\ f'uHinum has been caincd out by 
scxeral invesiigalors. isolation and 
characterization ol only a few 
toxins has been successful Ot the'ni 
zeaiaieiionc ( 1-2 toxin' auti tn- 
cotheeenc den vat i\'es 1-2 toxin, 
Jiaceto.xyscii peno! vt>rnito toxon 
l>ose tremendous health lia^aid 

Zearalenoiu is kruwMi to amc 
severe ^»enitiil disrn^lci ;n dairv 
cattle (\f({y(>hit// /oxu/v 197!, vol 
2, Academic Pi css l;y>/ Mix tohio! 
1^70, 20, Jl;, f vit’iogcnism wa^- 

first /eported by Buxton in certain 
herds in town (try A/y ■/ , 19.27, 

22 . 4Sj j Mic csier(,genic .svndrmne 
!ri swine, where (he asso<iation ot 
eslervigcnism and was Tirst 

made, inv(dves fuimanly the genital 
system, ni the prepubCM) gilt, ilu* 
vuKa becruues sow lien, the uterus 
IS cnlaiged and lorluous, (In osanes 
are shrunken and pregnant swine 
may abort Vouug males may under¬ 
go feminizing eiteei with ifie atio- 
phy of testes and enlargement t>( 
mammary glands 

T-2 toxin causes ncciosis and 
hemorrhage in hvet stomach and 
ot her organs ( Murahtul. 1973, 
24 , ">40) Intestines and abdominal 
cavities of.illecled pigs oiten cimlam 
blood 1 excuse J oot disease ol cattle 
IS also causes by T-2 loxm In 1 eseuse 
f oot disease animals bee<me lame 
m the hind quarter Sou c of these 
animals become very lean and thin 
w/ith lough hair '» at ind develop 
cracks at the juiwium of hoof and 
skin on ihcir bind legs Though 
several of the cows give both lt> 
normal claves, ihcy cannot provide 
adequate milk to ke*ep them alive 
The toxin brings about a reduction t)t 
blood flow to the extreniities of 
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gra/iiig animals. In cold v\ cat her, 
this results in dry gangrene and 
eventually sloughing t)rafrccted limbs^ 
tails and ears. Sporadic outbreaks oF 
mouldy corn poisoning of equincs, 
■chiefly donkeys, m 1 gypt have been 
traced to lusanuni monhfarnie (Am. 
./. I rf /<('\ , 29 , 2029 ). Symp¬ 

toms indicate neurological disorder 
<ind CKlensive brain lesions 

DiacetoxysCn penol causes der¬ 
mal toMCiiy in small and death m 
high doses (AppL Murohutl 1977, 
2 1, 1029) whereas voniitotoxm is 
responsible rt)r emesis and feed refu¬ 
sal. 

Growth ot ! usat >unL on grains 
requoes a high moisture Content 
(20 "o to 22 tempc'ature may 
iilso be critical and ma'. determine 
which toxic liicholhecene will be 
pioduced I or examfilc, f-2 toxin is 
nioduced at a lowei temperature 
(X 'C'j in contrast lnvhothecenes such 
as tusaienone A and ii>mitot()\in 
which lequiie higher (cmjK*ralure 
(^ 2 S'C to 27'( i 

So lar there is no report v)f any 
established } loxiv-O'^es in 

India either in animals or in humans 
[Recently mvcotoxin pollution ot 
some f<H>dstuns has been reported 
fiom India I rom the seeds nt sirih> 
wei I an impoitant odsced srop) 
infected wirlr husumitn species, three 
toxic compr>unds diaceloxyscir penol, 

! ~2 toxin, I 2, 1 V epi»x\ 11 ichotheecnes 
have been isolated in tpianiities sutlv 
cicnl \o cause mycotoxicoses on 
[>rolonged ingestion(A’v/;( //cv/r/r/ 1977 
33. 74] The presence v>f mve^itoMns 
has also been reported from 
mouldy sweet corn giov\ing in the 
G.ingcs \alle\ during July Indian 
people consuiDe si/eable amounts of 
sweet corn in seimbakcd form as a 
vegetable Toxins ait thus proba¬ 
bly not destroyed in cooking (7. 
Pliarrn 1978, 67 . 1768) 

Three recognized mycoloxins, viz , 
/caralent>nCj diacctoxyscirpcnol and 
F 2 toxin have been isolated from 
malformed floweis and shoots of 
mango plants infected with Fusunum 


monilijornic. i xtracts of these parts 
of mango are liberally used in in¬ 
digenous system of medicine. Parti¬ 
cular care should therefore be taken 
about the soundness of plants at the 
time of collection (Fhytinhcniistiy 
1978, 17 , 689), Occurrence of T-2 
toxin in Fu'^anum inlested sorghum 
has also been reported in our country 
(,/. Ayri< Fifod Chmi.^ 1978, 26 , 
647* ) Paddy grams arc fermented 
and parched befi^re unhusking. Dur¬ 
ing fcrmcniaiion Fusanuni species 
have been found to grow on the 
moist grams and produce vomito- 


Concrete TV 
towers 


A I 1 the liftccn 1 V lowers cons- 
^ trucied so far in India arc of 
Steel. But steel isacostly material and 
ihe use of e<mecrle ns xin alternative 
will be eci^nomieal Pre-stressed 
concrete also may be used in the 
construction of these tovsers A large 
number ol cone re to and p re-stressed 
concrete towers have already been 
built in a number ol countries. 
I ig I shows the pre-stressed con¬ 
crete TV' lower at Munchen (Mun¬ 
ich) eon^t^uc 1 ed specially for the 
1972 Olympus, 

In addition {o economy, the rein¬ 
forced concrete TV tovvers have 
many disiinct advantages over steel 
towers ( 1 ) They provulc an aesthe¬ 
tic appearance. (2) Buckling is not 
serious in reinforced concrete 
construction. (3) Corrosion, of steel 
structures, especially near coastal 
areas, requires special attention 
This can be minimized in concrete 
lowcr.s by the use of special admix¬ 
tures in concrete or by using high 
strength concrete; (4) Concrete struc- 

Fig« Concrete TV tower at Munich 


toxin and zearalenonc [Appl environ 
microhiol., 1978 35 , 105). This is 
suggestive of possible myentoxin 
occurrence in piocessed rice as well 
In India fifty economically important 
crops arc known to be infected by 
seventy!wo species of Fusarium. 
Risk of inycoioxin contamination 
of a Urge variety of food and feeds 
is indeed verv real *iinJ quite high 

D. K CTiakrabar ri 
i^eptt. at Pharmaceutics 
Institute of Tvihnolo^y 
Bunanis Hindu Vniv 
I ill ana si IFJ UHKi 



lur^s, being massive, are less suscep- 
tibJe to wind and earthquake forces; 
(5) The inner shell in the case of a 
concrete TV tower may be utilised 
for many purposes like a revolving 
restaurant. (In fact, most of the con¬ 
crete TV towers built in Germany 
and America have revolving restau¬ 
rants); ( 6 ) Concrete towers are less 
costly to maintain than steel 
structures, which require consi¬ 
derable expenditure for painting; 
(7) Slip-form work for concrete 
tubular structures has made the 
construction of RC towers of any 
height simple, whereas welding and 
riveting of steel towers at such 
heights pose a big problem. 


Fventhough, the speeds of cons¬ 
truction cannot be compared and 
strict quality control is essential 
for remfroced concrete constriictu n, 
the use of reinforced concrete m TV 
towers will result in 15 per cent to 
20 per cent saving. 

The advent of electronic dicilal 
computers has made analysis of 
these types o( structure very easy 
It is now possible to analyse 
and design these structures 
using the digital computers available 
in India The authors have devel<^pcd 
computer programs to run on the 
IBM 370/155 computer for the ui- 
curate analysis of these strutiures. 

Concrete TV towers have alieadv 
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Answers and solutions 

Solutions to brain tiascrs 

1. Call the number of questions 
answered correctiv x So, ihenumbci 
of questions to s^hich wrong anw- 
w^ers w^ere gnen is 26 - v 
The total score is 

8a -5(26- A) 

This must equal zero, i.e , 8a —5 
(26 a) =^-0. So A'IS 10. fheiefore, ten 
questions were correctly answered. 

2 Call the areas of the small 
and the large circles A and B respecti¬ 
vely. If the common area of the 
circles be a, then the areas of the 
nonoverlapping portions arc A —a' 
and B— A (Fig 3). The diilerence 
between the areas c)f the nouoverlap- 

C'orrigenda 

1. The letter of Prof. Abdus Salam published on page 157, S.R.y March 
1980 was dated May 4, 1965. 

2. Re : *5.R., February, 1980, Lichen—an idyllic consortium, |>. 114: read 
the authors as . B.K. Mishra, Deptt. of Botany, S.C.S College, Puri, 
Dr. B. Padhi, P.G. Botany Deptt. Vani Vihar, Bhubaneswar. 

3. Re - S.R.y March 1980, solution to Brain teasers p. 214, The correci 
Fig 3 is printed here. 





Fig. 3 

ping portions is B-A which equals 
7 t (20)* —Tc (15)* or 175 t: Taking the 
value of n as 22/7, this works out to 
i>e 550 sq. cm. 

3. See Fig. 4. 


made an impact in India and the 
All India Radio is constructing a 
200 m high TV tower at Julliinder, 
about 32( km fiom New^ Delhi. 
Once constructed, this will be the 
first conccric TV tower in India. 
This tower consists of a 127 m high 
hollow concrete tapered shaft and a 
steel space truss structure foi the 
upper 73 m. A viewing gallery and 
a rcstauiant have also been proposed 
near the top 

N StlltR AMANIAN 
R Raomakrishnan 
Situciurai fjiymecnny Lah. 

Indian hntitute of 7c.//. 

Madtas HtU) 030 
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Answers to science quiz 

I. (b) 2 . (d) 3. (c) 4. (c) 

5 , (c) 6 . (b) 7 ib) 8 . (c) 
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Forestry 

conference 

Sen Mid f*v>TcstrN ( on- 
^ IcicriLC vv;is held ji llie hoicsl 
Kescarch Instuuie add ( ollcfrcs, 
Dehra Dun from laninry 16 lo 19, 
1980 It was attended by t>ver 250 
delegates from dilVerenl pails of the 
counti\ More than 200 research 
papers were presented by ihc various 
Slate and C'entral Forestry Agencies, 
1 ores! Development C'orporalions. 
Universities, Indian Institute ot 
Management, Indian Council of 
Agricultural Rescarth and other 
reseaich organisations B.F 
Shnvastava, Inspectoi (leneral of 
Foiesls. (jovernment of India, while 
inaugurating the C\>nfcrencc sticssed 
the important role of forcstiy m 
combating the acute energy crisis 
and environmental poIlutu)n. Ho 
pleaded for fastci development in 
forestry so as to easuie conservation 
and protection of'the rich and varied 
forest wealth of India 

The 4-day (’onfercnce was divi¬ 
ded into nine Technical Sessions 
Organisation of Forestry Research 
and Education in India, Natural 
and Man-made Forests, Foiesl 
Management, Social Fi>restry, 
Forest Genetics and Tree 
Improvement, forest Protection, 
tnv iron mental Conservation and 


Wildlife, Minor Forest Products 
and Rnergy Problems and Energy 
Plantations. 

While initiating discussion on 
Forestry Research and Education, 
B.P f)i rector of Eorest 

Education, stressed the need for 
intensive research in forestry He 
emphasised that ii should be oriented 
on farm-likc basis as in agriculture to 
secure early and fcliabie results. The 
second day of the ( onference dealt 
with the problems concerning 
regeneration of forests and alforesla- 
lion programmes. The foresters were 
asked to preserve ecosystem, and 
afforest degenerate areas, it w'as 
indicated tfiat a maior change in 
forest policy was needed to stcuie 
ecological balance The Conference 
also discusstd and cofiCluded that Ihe 
movement lor preserving the 
ecosystem m the Himalayas is not 
baseless. 

In the Technical Session ot Forest 
Cfcneiics and Tree Improvcmeni. 
S. Kcdharnath, a Fellow of Indian 
National Science Academy and 
Director of Biological Reseaich of 
the I7>rest Research Institute, stressed 
the need for immediate improve* 
rnent of the desiiablc fast-giowing 
forestry species lor solving acute 
fuel ciisis as well as timbei need of 
the country. 1 he Conference discus¬ 
sed at great length the problems rela¬ 
ting to natural and man-made forests 
which include plantation of Teak, 
Sai, Eucalyptus, Conifers, agro- 
forestry, alTorestation of difficult 
sites, etc At the beginning of this 
century about 37 of the country 
was covered with forests At present 
forests occupy an area of 75 million 
hectares, v.^hich is approximately 
23of the total land area. The 
delegates cautioned that any further 
fellmg of trees or intensive conversion 
operation will pose a serious threat 
to the eco-syslem of nature which is 


already delicate and fragile. Discus¬ 
sions were also held on the fast- 
growing plant species like Eucalyptus, 
Pines, Poplars and other exotics, 
which have been found to be highly 
productive as well as economically 
viable. 

On the last day of the Conference 
the debate was largely on today'' 
energy crisis Oil is not a perennial 
source of energy By the end of 
present century woild s oil reserve 
will be finished Forcsb, on the other 
hand, can piovide ihe best, ever 
lasting and ihe cheapest energy 
source R.C Ghosh, Director of 
loresiry Research stressed that 
biomass in its various forms art its 
convciMon into efficient energy fuels 
should replace the present use of 
phytomass as primary .source of 
energy Fie also advocated new^ 
studies to increase energy outputs 
trom forest lands. A suggestion was 
also made for breeding plant species 
which convert solar energy more 
effectively instead of the tiadilional 
plantation Various delegates mem 
tioned the possibility of utilizing plant 
latex for its conversion mto fuel oil, 
The concluding session passed 
resolutions highlighting the afloresta- 
lion prograrrrr^e through better 
management techniques and inten¬ 
sive research and development. The 
Conference will recorrmend lo the 
Union and State Governments the 
need for a fresh appraisal of forestry 
problems and potenliaJs in the 
changing international scene, in 
particular in the development of 
energy plantations to combat the 
deepening energy crisis* 

Mr>. S. Hoquf 
Research Officer 
Forest Genetics Brunch 
Forest Research Institute 
Dehra Dun^248906 





Chelates in 
medicine 


^^ITH increasing industrialisa- 
^ tion, industrial effluents have 
become a major health hazard in 
most advanced countries. Effluents 
containing organic wastes pollute 
rivers and waterways, but they arc 
not dangerous in the long run as 
they eventually get decomposed. 
Heavy metals such as lead, mercury, 
cadmium, etc., are non-biodegrada- 
ble and pose serious threat to life, 
especially as they easily get into the 
food chain through aquatic organisms. 
Some metals such as copper, iron 
and zinc, in low concentrations play 
essential role as catalysts and as 
constituents of enzymes in our body. 
In larger quantities they are 
highly toxic. 

In their normal physiological 
action, the trace metals form com¬ 
plexes with organic molecules known 
as chelating agents. The complexes, 
called chelates, are large molecules 
with five- or six-membered ring struc¬ 
tures (Fig. I). A number of such 
compounds are of biological impor¬ 
tance. For example, haemoglobin of 
red blood cells and chlorophyll of 
green plants are chelates of iron and 
magnesium res|:>ectively, while vita¬ 
min Bxi is a chelate of cobalt. Heavy 
metals produce their toxic action by 
replacing the essential metal ion 
from such complexes. For example^ 
the high toxicity of cadmium is due 
to its replacing zinc in the body 
Zinc is essential for breakdown of 


fats in the body. When it is replaced 
by cadmium, fat accumulates in the 
circulatory system leading to high 
blood pressure and heart disease. 

The body also contains, or pro¬ 
duces, substances such as adrenalin, 
cortisone and citric acid that can 
form chelate compounds with metals. 
It is generally believed that heavy 
metals produce their toxic effect by 
binding with these substances thereby 
preventing their normal functioning. 

Physicians treat heavy metal 
poisoning by administering chelating 
^agentswhich combine with the harmful 
metal ion in a way that makes the 
latter inaccessible to body tissues. In 
this form, the heavy metal is eventu¬ 
ally excreted from the body. 

To function as a chelating agent, 
an organic compound must have an 
acidic hydrogen atom, as in —OH, 
—NH, —SH, or at least one lone pair 
of electron, as in N:, O:, S:. Chelate 
formation takes place by coordinate 
covalent bonding (in which one atom 



Pig. 1. A typical metal chelate of iron 

in the bond contributes both the 
electrons that arc to be shared) 
between the metal ion and the chela¬ 
ting agent. Some of the common 
chelating agents used in medicine are 
described here. 

Ethylene diamine tetra-acetic acid 
(EDTA) and its derivatives are one 
of the most widely used chelating 
agents in research and industry. 
When the disodium salt of EDTA 
was tried as ap antidote for metal 
poisoning, it turned oi;t to be highly 
toxic as it rapidly inactivated the 
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calcium ions m the body by forming 
chchiies But soon it was discovered 
that as di sod turn calcium chelate 
(log. 2, Top), L'DTA is nontoxic and 
can be used treat poisoning by 
heavy metals Nowadays it is mostly 
used to treat lead poisoning. When 
adminisicrcd intravenously, calcium 
m the chelate gets leplaecd by lead, 
which has greatei aflinity foi Ihe 
F'DTA molecule The resulting lead 
chelate is rapidly excreted in 

urine. Toxic ctlecls of excessive iron 
or copper due to accidental ingestion 
cun be treated in a similar way, 

2 :.^ dimercapto proparud, a 

sulphur-containing c lie mica I conv 
nionly Lm)W'n as BAL (British Auli 
Lewisite) was onginally developed to 
treat the toxic cllVcts Lewisite, an 

arsenical poison gas used in World 
War L I oday it is the most commonly 
used antidote foi arsenic, antimony, 
mercury and gold p(u.soninig Being 
iiis(>liihle in water, it is dissolved in 
an oil base and usevl as intramuscular 
injeclK^n. 

Penicillammes (1 ig 2, Middle) aie 
deiivauvcs of pcmcillaminc or tli- 
methyl cysteine, a pioduct obtained by 
hydrolysis ol penicillm I liey are used 
to treat lead, mercury, non and cop¬ 
per poisoning Although these com¬ 
pounds arc le‘'S poteril antidotes than 
BAL, they are more oiten used as 
they can be taken hv mouth. 

Ircni poisoning is often sc'^'n m 
childicn who arc given laige doses ol 
non tablets. It causes gastrointestinal 
and liver damage Deslerrioxamine 
(Tig. 2, Hottoffj) is one t)f the most 
ellective drugs known to chelate excess 
iron. It is isolated from the fungus 
Streptontvees piloMi\ Desfci noxarnme 
apparently chelates with the non m 
ferritin and transferrin (storage and 
transportable forms ot iron in the 
body), but not vsith the non of 
haemr^glohin. The chelate tormed with 
the excess non is readih excreted 
Metal chelates arc also impor¬ 
tant in iTU'dical diagni^sis I'or X- 
raying certain organs such a> the 
intCNLiuL's. n is noccssarv make 


them opaque to X-rays by use of 
substances like barium meal contain¬ 
ing a heavy metal. But barium meal 
cannot be used for all organs In 
such cases chelates of heavy metals 
can be used with advantage as they 


are relatively non-toxic and are 
easily excreted. 

Subhash C. Hari 
Department of Chemistry 
Moti Lat Nehru College 
Nanakpura 
.VcM De/hh 11002:) 


Xeroderma pigmentosum-^a skin 
cancer caused by sunlight 


I N his Noteb(H>ks, I eonardi» da 
Vinci wrote, ‘The sun has sub¬ 
stance. shape, movement, radiance, 
heal arul generative powci I 

do not percreve in the whole universe 
a body greater and more powerful 
than this, and its light illumines all 
the celestial bodies w hich arc distribu¬ 
ted throughout the universe,’' Indeed, 
the nnporUincc of sun as the star 
respon‘'ible Uir i^oiitiiuiatum of life 
on our planet is well recognised 
Ultimately, all life on earth depends 
directly Li]>on the assirnihilion ot' 
carbon dioxide <nto organic com¬ 
pounds. The energy* for this highly 
cndeigonic process is provided by 
the solar radiation The reactions 
responsible for this complex conver¬ 
sion of photonic energy into chemi¬ 
cal energy aie collectively known as 


phoiosyntfiesis furthermoo in 
animal tissues 7-dehydiochol irol, 
wTtich occurs in epidermal layers is 
converted by ultraviolet radiation of 
sunlight into vitamin which effec¬ 
tively prevents rickets Not only 
this, nowadays possibilities are 
being expJored to replace the con¬ 
ventional sources of energy by 
solar energv Despite all these useful 
effects sunlight also causes some in- 
junoLis effects such as sunburn and 
skin Cancer in higher organism and 
growth inhibitions, mutatu'iis and 
killing in the micro-organisms 
These deleterious cfTects are caused 

by the ullraviolcr (]CM)Oa ' 3800 a) 

components or senar radiations. 

Sun emits a vast spcctruin of 
radiation of which visible radiation 
is only a liny fraction, Solar radiation 
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includes iii order of decreasing energy 
cosmiCjgama, X, 1/V, visible, infrared, 
radar and radio radiations. These 
radiations are represented in l ig 1. 

The intensity oi’ the solar radia¬ 
tion that reaches at a particular point 
on the surface of the earth, depends 
upon the amount of ozone, air, haze 
and clouds between that point and the 
sun. Shorter wavelength ( < 3(K)()a ) 
are effectively screened off by 
ozone. Both air and haze absorb 
UV below about 1900 a- However, 
it has been reported that on a bright 
day, an appreciable amount of far 
UV (I 900a -3000a ) also reaches the 
earth’s surface, which has got signifi¬ 
cant germicidal action. It is tins frac¬ 
tion of solar radiation that induces 
Xeroderma pigmentosum^ a rare 
hereditary cancer, in the human 
beings. 

Ultraviolet light is strongly 
absorbed by the DNA and protein 
that leads to abnormality in these 
molecules. Two types of chemical 
changes take place in the DNA after 
absorbing ultraviolet light. First, 
covalent bonds are formed between 
pyrimidine residues (specially thy¬ 
mine) adjacent to each other in the 
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same strand, forming thymine 
dimer (Fig. 2). These dimers distort 
the shape of DNA m-Uccule and 
interfere with normal base pairing. 
Second, pyrimidine residues are 
hydrated. Most of the lethal effects of 
ultraviolet light is attributable to 
the formation of thymine dimers. 
Mutations, on the other hand, can 
probably result from either type of 
chemical change. 

When the human skin receives 
sunlight, UV component leads 
to the transformation of thy¬ 
mine dimer into cellular DNA. 
Normally, a DNA repair process 
operates in the cell. I'he process 
involves an incision on the affected 
strand of DNA near the thymine 
dimers by an endonuclease enzyme. 
Oligonucleotides containing the thy¬ 
mine dimers are removed by exonucl¬ 
ease activity of the enzyme DNA 
polymerase I. The resulting gaps are 
filled by the synthetic action of DNA 
polymerase 1 to which the comple¬ 
mentary strand serves as a template. 
The final gap is enclosed by the DNA 
ligase enzyme. The whole pro¬ 
cess is represented in Fig. 2. 
However, the mechanism does not 


operate in persons suffering from 
Xeroderma pigmentosum These 
persons are unusually sensitive to 
solar radiations that lead to severe 
skin reactions and formation of 
skin tumors in them. It has been 
observed that after far- U V i rradiation 
the skin fibroblasts (tissue culture 
cells) of such patients do not repair 
the thymine dimers formed in DNA. 
However, prior to far-UV irradiations 
if the fibroblasts arc ireated to X- 
rays, repair of the DNA occurs. 
It is well established that X-rays 
produce nick in the I3NA. The 
nick is transliilcd by DNA poly¬ 
merase and the DNA ligase fills the 
gap (Fig. 2). It is postulated that 
X-ray radiations cause chain break 
and then endogenous exonuclease, 
polymerase and ligase activities 
repair the damage caused by far- 
UV in the patients suifenng from 
Xeroderma pigmentosum. I'hereforc, it 
IS evident that molecular lesion for 
this rare disease is the absence of an 
endonuclease for incision, which 
makes it impossible to foll(>w the 
repair mechanism. 

It IS well established that Xero¬ 
derma pigmentosum is caused by 
the far-UV (1 90 ()a - 3000X) com¬ 
ponent of sunlight However, it has 
been estimated that approximately 
solar energy 
reaching the surface of earth is in 
the near-UV (3()00 a - 38(K)a ) region. 
Not much IS known about the near- 
UV action on the human beings. 
However. near-UV radiations induce 
growth inhibition in bacteria. Mecha¬ 
nism of near-UV action is not very 
clear, but it is postulated that near- 
UV uncouples the electron transport 
chain and oxidative phosphorylation. 
Therefore, energy production in the 
cells stops and thi'i leads to growth 
inhibition. It is a temporary effect 
and bacteria may recover after some 
time. 

Ravindra Komar 
Central Sheep & Wool Research 
Institute^ Avikanagar S04 501 
{Rajsathan) 
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Hair in crime 


L et us first acquu nt ourselves 
with the structure of hair before 
we see how it becomes a vital 
clue ia catching a criminal. There 
are two kinds of hair; real hair (we 
shall call it ‘hair’) and fuzz. Hair is 
generally long and stiff whereas fuzz 
is curly, short and, sometimes, woolly. 

Hair consists broadly of three 
parts--root, tip and shaft (Fig. 1). 
Each hair is cnshcathed in an epider¬ 
mal pit known as hair follicle. 
The portion of hair that projects 
out from the surface is called sluift 
and ihe portion that is in the skin is 
called root. The root ends into a 
bulbous swelling within, know n as the 
bulb of hair, which is surrounded by 
asoft, whitish material known as the 
germinal matrix. The latter is res¬ 
ponsible for the growth of hair. 

Root is not of much importance 
indetecting the origin of the hair, and 
very often it is missing on the hair 
found at the scene of crime. A living 
root can easily be distinguished from 
a dry and dead one. Hair with living 
roots clearly indicate that they have 
been pulled out by force and those 
withdi*y roots are indicative of natural 
falling. 

Tips of hair may be natural or 
cut. The original, primitive form of 
the tips can be seen in hairs of women 


whose hair has never been cut. The 
form of the cross-section of the tip 
varies greatly on difterent parts of 
the body. The cross-section of hair 
on the head is generally round (curled 
hair is sometimes oval). The cross- 
section of hair on beard and mousta¬ 
che is triangular in shape with 


concave aides. The cross-section of 
hair of torso is oval or kidney-shaped. 
These characteristics should p.ot be 
regarded as final because tho ap¬ 
pearance of the cross-section is fairly 
variable and on animals many 
varied types of cross-section can be 
found. They are however important 
in criminal investigations. 

When viewed under a powerful 
microscope three distinct parts of the 
hair arc observed : medulla, cor¬ 
tex and cuticle (Fig. 2). So far as 
criminal investigations are concerned 
medulla is of prime importance. The 
medull£M of hair is occupied by the 
medullary cavity which is usually 
filled up with some irregular cells. 
The medulla can be continuous or 
interrupted. Jt is continuous in a 
large number of animals and very 
often interrupted in human beings, 
monkeys and horses. Diameter of the 
medulla may remain absolutely cons¬ 
tant but may also at times be alterna¬ 
tely narrower and broader in the same 
hair. For practical pui^oses diameter 
of medulla is of no significance, 1 ut 



Fig. 1 
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the medullary index (M.I.) is import¬ 
ant. M.I. is the ratio of the diameter 
of the medulla to the diameter of the 
whole hair. This ratio is calculated at 
the point where the haii is thickest. 
M.I. is measured with the help of 
microphotography or a microscope 
fitted with eyepiece micrometer. 
Table 1 shows how M.I. determines 
the nature of the animal whose hair 
is under examination. Table 2 shows 
how M.I. determines the part of human 
body to which the hair belongs. 

There is a possibility of being 
misled by hair-like fibres such as 
feathers, insects* legs, wool, cotton, 
hemp, etc., collected from the scene 
of crime. A simple microscopic 
examination can easily discern and 
discard them. A first hand observa¬ 
tion is sufficient to determine 
colour, curliness and length of the 
hair. 

The careful examination of hair 
may also give the following vital in¬ 
formation : 

(a) Profession of the person 
whose hair is under examination. A 
mechanic’s hair contains metal dust; 
miller’s flour-dust; brick-layer’s 
brick-dust and a garri^e-worker’s 
grease and petrol, etc., 

(b) The part of the body to which 
the hair belongs; and 

(c) The nature of the deformity of 
the hair (for instance, burning, 


cutting, shooting, scalding, etc., which 
is intimately connected with the 
nature of crime). 

For the preparation of hair for 
microscopic examination they are 
mounted on glass slides; in most 
cases mounting in water or very 
dilute solution of glycerine is suffici¬ 
ent. If hairs collected from the scene 
of crime are very long, they arc cut 
into pieces of suitable length. To 
prevent them from mixing up, the 
pieces are duly marked by coloured 
wax. After thorough examination of 
the adhering dirt the hairs are cleaned 
by alcohol or ether. Hair of dead 
bodies lying on ground for a sufficien¬ 
tly long period get reddish due to the 
chemical reaction of humus of the 
soil. 

Study of the deformity of hair 
sometimes leads to important in¬ 
ferences as to the nature of the 
weapon involved in homicidal crime. 
The deformity determines how many 
times the victim has been struck. In 
cases of multiple blows longitudinal 
splits can be seen on the shaft of 
hair. Sharp and right-angled cutting 
surface without any split indicates 
the use of a sharp knife or scissors. 
Similarly, uneven stepped cutting 
surface with several splits alongwith 
a crushed shaft’s end indicates the 
use of a blunt weapon such as an 
axe, hatchet, wooden stick, etc. 
Deformation of hair caused by burn¬ 
ing, lightning, electric current, open 
flame, etc. is of various kinds. Hair, 
when scorched by heat becomes 
curled, slightly swelled and greyish. 
Sometimes air-bubbles, arrayed like 
beads in a necklace, are seen within 
the internal part of hair. A careful 
naked eye observation can detect the 
type of singeing (which can be con¬ 
firmed under a microscope). Scalding 
by hot water or steam deforms hair 
just as when it is burnt upto250®C. 
Typical necklace beads formation 
takes place within the hair. Below 
250®C and above 175°C hair becomes 
reddish and the cells of medulla are 
scorched. 


Table i 


Value of M.I. 

Name of animal 


1 . 

less than 0.5 

Human beings, certain 



monkeys 


2. 

Nearly 0.5 

Cow, horse, goat 

and 



some other animals 


3. 

Greater than 

All other animals 

not 


0.5 

mentioned above. 



Courtesy : “Lc Foil dc 1* homine ot dos 
aninuuix'* By Lambert Balthazard. 


Table 2 

Part of the body Value of M.I. 


For Man For Woman 


Neck 

0.115 

0.163 

Forehead 

0.132 

0.148 

Eyebrows 

0.236 

0.233 

Eyelashes 

0.095 

0.146 

Beard 

0.260 

X 

Genitals 

0.153 

0.114 

Aimpits 

0.102 

0.179 


Courtesy : **Lc Foil d© Thomme ©t dcs 
animaux** by Lambeit Balthazard. 


The most important as well as 
the most difficult task for the forensic 
scientist is to identify an individual 
from his hair. In most cases only a 
few pieces of hair are collected from 
the scene of crime and so it is diffi¬ 
cult to study all of its vital aspects. 
First, the length of the hair (if it is 
in full original length) and the aver¬ 
age diameter of the medulla are 
measured. M.I. is then calculated 
and colours are carefully compared. 
In determining M.I. the diameter 
of the medulla is measured at the 
thickest region of the hair. Careful 
examinations of the medulla, the root 
and the pigmentation of the cortex 
are also important. Cross-sections 
are measured and compared. 
To determine if hair is dyed, a micro¬ 
chemical examination is made to 
ascertain if it has been dyed with 
salts of bismuth or lead, nitrate of 
silver, permanganate of potassium, 
pyrogaUic acid, paraphenyidiamine, 
henna, etc. If all these signs are alike. 
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there is a probability of identity^ but they have to be supported by other the bottom for a considerable period 


only a very close examination can evidences, 
strengthen this probability. 

The results of hair examination 
can, however, never be accepted as 
the only confirmatory evidences; 


The mermaids 


(]0min-12min) for grazing. Further, 
Jyotirmoy H ui sea cows resemble elephants in having 
P. O, Boincheegram the testis placed inside the abdomen. 

Dist. Hooghly There are only two living species 
West Bengal-712136 of sea cows existing today—the 
manatees and dugongs. 

Manatees (Trichcchus) live in 
coastal waters of the West Indies, 
north eastern coast of South America 
and extend upto Amazon, Central 
America and north of Florida. The 


M any of us have read about 
mermaids in fairy (ales and 
classical legends. They have been 
described as being half beautilul 
maidens and half glistening fishes 
The possession of mammary glands 
and superficially lish-iike tad mighi 
easily have given rise to such legends. 
Mermaids belong to an order of 
marine animals known as ‘sirenuf 
popularly known as‘sea cows', well 
adapted to live m estuaries, hays and 
lagoons The sea cows arc believed 
to be distant dcscendents of some 
clephanl-like creature of prehistoric 
age These huge acquaiic mammals 
are rather sluggish with streamline 
body, short neck and thick skin 
without hairs. The forelimbs arc 
modified as flexible paddles and the 
hind limbs arc absent The nasal 
openings are small and the nostrils 
are valvular placed on the uppir 
surface of the head and are closed 
under water. Tlie eyes arc very small 
and protected by muscular lids I he 
animal does not see well. The tascial 
vihrissae are well developed The 
upper lip IS greatly developed to form 
a strong, yet ser>S!Hve pad reminding 
us somewhat of the pmcer lips ol 
the modern elephant’s trunk. Teeth 
are broad and arc used to seize sea 
weeds. They sometimes make then 
way to tropical river estuaries and 
eat fresh water plants such as water 
lilies. They are active by night. 
Sea cows differ considerably in struc¬ 
ture from whales. Their bones are 
heavv enabling them to remain a.t 


body measures about 4 meters to 
5 meters long and weighs about a ton. 



i I 
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The manatees spend a loi of lime 
lying on the floor of the spring 
dozing, with their noses hurried in 
the sand and their forelimbs bent 
half way under their chests for 
support. They are surrounded by 
a large number of fishes, mostly 
around the anus awaiting fresh 
faeces. 

Dugongs (Halicore) are purely 
marine animals extending from the 
Red Sea throughout the Indian Ocean 
off Foimosa, Australia, Africa and 
Malaysia, The dugong is larger and 
slightly longer th^n the manatee 
from which it also difiers in having a 
forked tail, two tusks in the upper 
jaw ol a male and a more rounded 
head. The maxillae are laige In 
other respects, however, it is similar 
to manatee. 

Generally manatees and dugongs 
breed m winter and each cow' yields 
only one calf at a time. The period 
of development of young tine m the. 
uterus (gestation) is one yeai The 
young one born in a sheltered lagoon 
IS able tt' swim soon after birth The 
adult, when feeding her young one. 
raises herselt half out of water and 


holds the baby clasped closely to 
her body in a remarkably human 
manner (Fig. 1). 

Formerly there was another 
species of this family known as 
Steller's sea cow (Hydromalis) 
which was first discovered in 1741 
It often reached a length of about 
9 meters. But for its size it was similar 
in appearance and feeding habits to 
the manatee and dugong. The teeth 
arc rf placed by horny plates Whaling 
parties butchered the defenseless 
Stcller's sea cow for meat and it 
became extinct in 1768, 

One of the chief dangers threat¬ 
ening the mermaid is the fact that 
it is delicious to eat, and so extensi¬ 
vely hunted. This has brought the 
animal close to extinction. Nr^wadays, 
however, it is protected and the 
population seem^ to be on the road ri» 
recovery 

S. Thiagarajan 
.‘l.v.W Profcssoir of Aoolo^y 
Rafoh Serf Of I (jovernment 
C oUc^c. Thanfa \ ur-f>liiOOf> 
lump Nctiih 


Lord Rutherford 


OUTHERFORD, one of the 
greatest experimental physicists 
of all time, had many important 
scientific achievements to his credit. 
He had shown that Bccquerel rays 
from radioactive substances consis¬ 
ted of positively and negatively 
charged rays and the neutral rays 
discovered by the French physicist. 
P. Villard in 1900, were electroma¬ 
gnetic in nature; he called them 
flo-, p*and Y-tays and these are 
known as such till today. He also 
showed that a-rays consisted of 
helium nuclei. With Frcdcrich Soddy, 
he enunciated the Rutherford-Soddy 


law of decay of radioactive elements 
into lighter elements This law is 
analogous to a piece of a china ware 
falling down the stairs and getting 
broken into smaller pieces at each 
step. He was awarded the 1908 
Chemistry Nobel prize “foi his 
investigations into the disintegra¬ 
tion of the elements and the chemis¬ 
try of radioactive substances.'* 
With the assistance of his pupils, 
Geiger and Marsden, Rutherford 
made his greatest discovery—of 
the atomic nucleus—as a small con¬ 
centrated positively charged central 
core of the atom in 1911. He also 


devised an inslrumeni called the 
scintillation counter for couiiUng 
the number of particles coming out 
of radioactive substances, A million 
such particles constitute a ruthcrfoid 
in his honour. Then he was the hrsi 
ever to achieve the transmutation of 
an element; conversion of nitrogen 
into an oxygen isotope by bombar¬ 
ding the former with a-particlcs. He 
had predicted the existence of the 
neutron in the atomic nucleus which 
was later discovered by one of his 
pupils, Chadwick, in 1930, and 
which ushered in the age of atomic 
energy that dawned upon the world 
at large in the form of atomic bombs 
on Hiroshima and Naga.saki in 
August 194.^. 

Rutherlord perhaps deserved lwc» 
more Nobel prizes the second one 
lor the discovery oi the atomic 
nucleus in 1911 and the thud one for 
his tian^mutiition of t chemical 
element mto anoihe'^ in 1917—but 
It was then not the practice to award 
a second Nobel pri/c However, he 
was honoured in other ways. He was 
Knighted in I9M. made first Baron 
Rutherford of Nelson (his native 
place in New Zealand) and Cambri¬ 
dge and look his seal in the House 
of Lords in 1931. He was awarded 
the Copley Modal of the Royal 
Society in 1922. In recognition of his 
merit, he was appointed Director 
of the world-famous Cavendish 
Laboratory of Cambridge University 
to succeed Ins teacher, ,LJ Thomson. 
He was elected president of the 
British Ass(Kiation for the Advance¬ 
ment of Science and awarded C3rder 
of Merit in 1925. 

In short, during this century, 
Rutherford was to experimental 
physics what Einstein was to theoreti¬ 
cal physics. 

Rutherford was born on August 
30, 1871 and died on October 19, 
1937. Born poor, Rutherford died a 
poor man, leaving in his will only 
£ 7,000 the exact amount ol the 
Nobel prize monev 
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Lord Rutherford 


Wit and humour 

Lord Rutherford was a maa of 
great wit and humour which his 
loud, enormous voice made more 
efTective. The following exam^ 
pies are illustrative of his wit and 
humour. 

the crest of the wave 
At Ihe 1923 meeting of the 
British Association for the Advance¬ 
ment of Science in Liverpool, Lord 
Rutherford announced at the top of 
his enormous voice, ‘*We are living 
in the heroic age of physicsHe 
was, of course, right and the next 
few years. 1924-32, saw the develop¬ 
ment of almost the whole of the 
quantum theory, the discovery of the 
neutron by James Chadwick which 
ushered in the atomic age; Cock¬ 
croft, working under him was claim¬ 
ing, “We have split the atom.’" 
Blackett had evidence to show the 
existence of the position predicted 
by Dirac, all at the Cavendish 
Laboratories of Cambridge Uni¬ 
versity where Rutherford was the 
Director. Around that time, some one 
remarked to Rutherford, “You 
aro always at the crest of the wave.” 
Rutherford confidently replied: “Well 
after all, 1 made the wave, didnH 
1 ?” 


Rutherford and relativity. 
Einstein had put forward h^s 
Special Theory of Relativity in a 
paper in tht German-language 
Annalen der Physik in 1905 but 
Rutherford did not accept it; he 
was highly sceptical about it. For a 
number of years, the impression that 
spread was that few physicists 
understood it. So much so that the 
1911 physics Nobel Laureate Ger¬ 
man physicist Wilhelm Wien com¬ 
plained to the 1908 Nobel Laureate 
Ernest Rutherford, not quite aware of 
latter’s reservaLons about Einstein’s 
theory; “But no Anglo-Saxon can 
understand relativity.” Characteristi¬ 
cally, Rutherford replied, “No. they 
have too much sense.” 

The Archbishop and Rutherford. 
In a speech, Rutherford was 
candid enough to tell the audience: 
“As 1 was standing in the drawing 
room at Trinity, a clergyman came in, 
and 1 said to him: “Lm Lord Ruther- 
foid.” And he said to me. “Lm th*^ 
Archbishop of York.” And J don't 
suppose either of us believed the 
other.” 

Archbishop Lan^ and Rutherford. 
Though an experimental physi¬ 
cist, Rutherfoid had read more 
novels than most literary people 
manage to do. Howevei, during a 
meeting, Archbishop Lang had 
thought a famous scientist like 
Rutherford had no time for reading. 
After producing his list of the last 
month's reading, Rutherford asked 
“And whaf did you manage to read, 
Your Grace?” to which the reply was 
,..‘‘A man in my position really 
doesn't have the leisure. “Rutherlord, 
having felt offended earlier, retor¬ 
ted, '‘Oh yes, your Grace. It must be 
a dog’s life. It must be dog’s life.” 

^^Dog^s Moonshine*\ Anglo- 

Saxon sceptic that Rutherford 
was ,he did not believe atomic 
energy could be a reality in 
the fotesecable future and said so, 
as Heisenberg later recalled. How¬ 
ever, in the true Ruthertbrdian style, 
he put it colourfuHy: He dubbed 


technical utilisation of atomic energy 
as “dog’s moonshine”. This was, 
however much before Hahn’s disco¬ 
very of atomic fission in 1938. 

The tight .shirt. Finding a 
shirt tight, Rutherford explained 
to the Cambridge tailor 
“That shirt’s too tight round the 
neck. Every day I grow in girth. And 
in mentality.” Listening outside the 
cabin to the foud proclamation were 
the now well-known writer Sir C.P. 
Snow and a friend, then students at 
Cambridge. 

R. C. Dhincra 
Principal 
Govt. Postgraduate 
College 
Bhiwani-10502] 


Brain teasers 


1. The null score 

In a test comprising 26 questions, 
five points were deducted for each 
wrong answer and eight points were 
ciedited fur each correct answer. 
If all the questions were answered, 
how many were correct if the total 
score was zero? 

2. The intersecting circles 

A circle of radius 15 cm. interse¬ 
cts another circle of radius 20 cm. 



mg. 1 
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(Fig* 1). What is <he difference bot- 
woeii the areas of the hatched and 
the dotted portions? 

3. A match puzzle 

Twenty matches are arranjjed in 
Fig. 2 in such a way as to form ? 
geometrical figure comprising a 
hexagon and ten triangles. By merely 
removing two matches can you 
reduce the number of triangles to 

SIX? 

P.K. Mukhfrjcl 
Lecturer in Physics 
Deshbandhu College 
Kalkaji, New DcIhi lJ0019 


1, Stellarator is the name of a 

(a) High energy particle acce¬ 
lerator 

(b) Nuclear fusion reactor 
(c> Fission reactor in the 

U.S.A. 

(d) Matter and antimatter 
annihilaior 

2. Of the following physicists, who 
was a physician too? 

(a) Albert Einstein 

(b) Lord Rutherford 

(d) Heikc Kamerlmgh Onnes 
id) Herman Helmholtz 


A 



3. or the following scientists, who 
remained bachelor ? 

(a) CTitirlcs Glover Bark la 

(b) *CVV. f^aman 

(c) Isaac Newton 

(d) Albert Einstein 

4. Calculus was invented b\ 

(a) Euclid 
(h) D‘ \lenibcrt 

(c) Isaac Ncw'ion 

(d) Galileo Galilei 

5. Of the following, who was the son 
of a famous musician? 


(a) Tycho Brahe 

(b) Joseph Henry 

(c) Galileo Galilei 

(d) Wiihclm Konrad V<ui 
Roentgen 

6. Of the following creatures, which 
arc sensitive to gamma radiations*^ 

(a) Honcv bees 
(h) Ants 

(c) Men 

(d) Does 

7. /crlina is the name of a 

(:i) (illI crowned as Miss 
Universe a few vears hack 

(b) Nuclear reactor in India. 

(c) Spacecraft to he launched 
by Fr*ine'c 

(d) Laboiat(u\ in Switzerland 

8. f irst Variable Energs C vciolron 
(VEC) IS installed hv Atomic [ nergy 
Depart me III at 

(a) fata Instilulc td' I unda- 
menial Research, Bombay 

(b) Indian Institute of Science, 
Bangalore 

(c) Saha Instilule oi Nuclear 
Phvsics, Calcutta 

(d) Bhabha Atomic Research 
C'cnire, Bombay 

S SMAI I M)R \ K A\and 
Member, Indian S<KiCt\ for 
Radiation Phy sies 
Rajpufa-ldiridl {Paniah) 

[Sec pa^c Nl Jot solution\) 
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GENETIC ENGINEERING {Continued front pa^e 


sequencing of DNA has been faci¬ 
litated very much already. 

On the other hand, there is a 
possibility that new recombinant or¬ 
ganisms might spread world-wide 
incurable epidemics. If DNA with 
some repressed function happens to 
he transferred, it may result in 
unanticipated hazards 


Further reading 

I Grobstein,C (1977), The recom¬ 
binant DNA debate. Set Amer. 
zyi ■ 22-33. 

2, Marx, J E, (19771; Gene trans¬ 
fer in mammalian cells : Me¬ 
diated by chromosomes: Science 


3. Schellcr, R H c/ aL f!977): 
Chemical synthesis of restriction 
enzyme recognition sites for 
cloning: .Vf/rZ/rr, 196: 177-179 
4 Ullrich, et oL (1977); Rat in¬ 
sulin gene construction of 
piasmid.N coniainmg the coding 
sequence, Sitciuf, 196 1313- 




FOR HER 

The truth about 
low-calorie 
sweeteners 

I I'' vou arc overweight ot diabetic, 
sugar in yt'ur diet mast he sub- 
siiiulcd with lt>w-calc)rie sweeteners. 
But yon ma> wonder, which ol fliese 
IS safe*' ( vclamaie, oticc a popular 
sweetener in foods as well as drugs, 
was banned in J%9. Saccharin, the 
most w'ideiv used swoetcriei today, 
IS also under suspicion ( onliniung 
research and reviews oj the ic ^is 
conducted for deteimining the tv^xi- 
cities of these swee^cnet^ seem to 
have convinced mans experts that 
evidence agatnst c\c!anude is rrunc 
doubtful titan that against sacciiaiin, 
the majoi mgiedient ol all marketed 
low-ea!oric sweeteners 

C'anada Komed ^.lCc!ut^In in 
Canadian e\j)erim.;nts on rats wheie 
the animals were led saccharin a^ > 
per cent ol their Iced, confirmed 
earlier hndings which had suggested 
a link berween saccharin and hkiddci 


cancer. About 10 per cent of the 
rats in thc^ Canadian experiments 
had shown signs of bladder cancer. 
Experts cslimated on this basis that 
about 4 people in every 10,000 who 
drink one bottle a day of low-calorie 
soft drink might develop bladder 
cancer due to the saccharin present 
Further experiments seem to suggest 
that this conclusion may be wrong 
In fact there is evidence to show that 
if users confine themselves to smaii 
doses of saccharin, they cam escape 
bladder cancer caused by the sweet¬ 
eners. In the experiments wnth rats 
the high saccharin content of the feed 
mav have created very high concen¬ 
trations of the substance irv the blad¬ 
der of animals, which caused the 
ainccr fhe amount of saccharin 
that one is likely to consume in a day 
will definitely not cause this kind of 
concentration. 

With cancer producing suhstan' 
CCS (cailcti carcinogens), there is 
usualK a pToporiional relatii)nslup 
between dose and nsk This means 
that a caicinogcn which can produce 
cancer in very large doses, can cause 
Ciincer in small doses too: hut the 
extern id damage caused wa>uld be 
snuiller in proportion to the 
quant If > used FoUunatelv the case 
of sicchmin is qino^ dilerent from 
dial oi olhs‘r carcinogens, viiiuallx 
every other known carcinogen is 
metabolised n e, broken and absorbed) 
bv tiie hodx but saccharin is not 
dills is wliat makes the intcipretalion 
of the . C'anadian experimental 
lesulis difh'ren! from that of similai 
expenments u^ing other chemicals. 

f acti>se. isorhitol. glucose or even 
ume sugai itself is often blended 
with saccharin to disguise the latter’s 
bitter flavoui and aftcr-iasle. This, 


no doubl, increases the calorie intake 
to the extent these additives arc 
present, but for the users, the blends 
are certainly rm)rc acceptable. (In 
many cases, complete abstinence from 
sugar is not called lor.) Users of 
sacciarin-based sweeteners must, 
howevL'x limit their intake of sac¬ 
charin, to be on the sate side. On no 
account si;.>uld the consumption 
exceed the lini't (set b> the W^HO) of 
2 5 mg per clay for each kilogram 
you weigh, ie., about 12 tablets a 
day if you weigh 60 kg 

New sweeteners which have 
appeared in the news from time to 
time are aspartame and NFO-DHC 
Aspartame (a dipeptide sweetener; L- 
asparl\!-F-phen> lalaninc ineihyl cstei) 
has bc^en found lo be unsuitable for 
high ternperatuic cooking. Besides, 
it becomes le'^s sweet ori Keeping. 
NLO-DH( ' (neohespondm dihydro- 
chakone) is a substance made from 
grapefruit peel. Its menthol or 
liquorice alicr-Ustc is a disadvan¬ 
tage. Tests Si> far on this swcctcnei 
have not revealed any toxicitv. 
Liquorice exiract too seems to be safe 
bur its strong havour limits its use 
lo some type oj svtcis and niedi 
emes 

Well then, if you 1 ind that an arti- 
fici:d sweetener helps to keep your 
weight down, use it bv all means bur 
only sparingly lil! rts safety is establis¬ 
hed The risk of using saccharin is 
almost certamiy less than the risk 
you run of premature death if you 
are over weight on accouni of the 
excess sugar yevu consume. 

Thankamma .(AC'OU 

Li/r/t irv in Collect 
Ne^v Delhi I 
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Use of citric acid 
in industry 

acid CV, O, is chcmi- 
^ ca^ly knt»\^a as //-hydrox> tncar- 
baHylic acid ft is the most common 
acid of biological origin to become an 
article of commerce in the modern 
world. In almost all plant materials. 
Citric acid or its salt is found to be 
present in varying proportions, 
sometimes only a few milligrams per 
killogram, m others such as lemon 
up to 50 gm per killogram It is also 
piescnt m animal tissues and body 
fluids. Milk IS found to contain 
upto L2 gm {>er litre; bone and teeth 
about 3 gm per killogram; semen 
about 5 gm per litre; blood scrum 
about 0.025gm per litre; and human 
urine between 0.2-1.2 gm per litre. 

Citric acid was first obtained 
in pure form from lemon juice by 
Karl Wilhelm Scheclm in 1784. But 
only in 1860 the acid was first pro¬ 
duced in commercial quantity in 
England from calcium citrate brought 
from Italy. Later in 1923 Curie 
developed another method for com¬ 
mercial production of the acid called 
surface fungal fermentation and this 
was again improved by employing a 


new technique called submerged oi 
deep fermentation process. Now 
almost all citric acid is prepared 
by fermentation using molasses 
as starting material. Citnc acid is 
produced in cither hydrated 
form containing one molecule of 
water as water of crystallisation or 
anhydrous form. The acid is highly 
soluble in water. 

Industrial significance of citric acid 

A-> an important iiulustnal chemi¬ 
cal citric acid has many applications. 
In beverages, food and 
pharmateutical industnes the acid 
IS used in huge quantity Besi¬ 
des, it has also cither important indus¬ 
trial uses such as in metal cleaning, 
plating and electropickling, etc. 
In developing countries like India, 
citric acid is used almost exclusively 
as u pieservalive lor beverages and 
food processing.*The pharmaceutical 
use also is rapidly growing 

Beverages and food 

1 fie most useful qualities of 
citric acid such as high water solu- 
billy, extremely low' toxicity and 
pleasant sour taste make it an 
ideal acidulant for aerated waitei 
beverages and food indusines As 
an acidulant it is widely used in 
soft drinks, syrups, jellies, janis^ 
processed foods, candies and frozen 
fiuilSj etc. Besides this important 
aci th^* acid also helps as an ideal 
preservative, flavour enhancer, 
antioxidant, pH regulator in mans 
food and pharmaceutical industries 
it also prevents harmful effects 
like deterioration of colour and 
flavour "by sequestering trace metals 
present, particularly in processed 
foods. 

In soft drinks, citric acid tablets 
arc mainly used, which consists of 
citric acid, an alkali metal bicarbo¬ 
nate, a sweetening agent and various 
flavours. When tablets dissolve in 
water they effervesce carbon dioxide 


due to the reaction of citric acid 
with the alkali bicarbonate Besides 
providing instant soft drink the acid 
also gives the desired degree of 
tarinessand natural fruit flavour. 
Sufl'icicni citric aetd is 
added to the drink to maintain a 
final pH of 2 5-4.5. In wines and 
cider'V the presence of turbidity due 
to iron-phosphate and iron-lannin 
complexes cieale problem for the 
industry 1 his is successfully avoided 
by addition of citric acid, which 
dissolves the complexes lor fruit 

and \egetablcjuices ihe acul provides 
a lower pH, which exerts a protect¬ 
ive effect on juice pigments tls 
presence in grape and othei fruit 

juices enhance the fiavorr of tire 
juice. In the preparation of jellies 

and Jams citric acid is added 
as an acidulant maiiUam the 
pH range wheie pectins can act 
as satisfactory jelling agents It also 
provides the required tarlness, tang 
and flavour to jellies 1 he at id is 
an important additive lor candies 
to prevent graining or cry¬ 

stallisation of sugar mass In ice¬ 
cream and processed clieese. the 
acid is used as an emulsifier. 

Pharmaceutical and cosmetics use 

The acidulant prtipcrly of the 
acid to enhartce flavour of syrups, 
solutions and elixirs makes it a 
leading chemical in pharmaceutical 
industry. Usually, the acid is used 
in the form tif sodium c-itiate. The 
salt IS prescribed in the 
form of tablets or powders as blood 
and urinary alkalizcr. It also acts 
as a good anticoagulating agent 
for blood This property of the acid 
is used m blood banks for col¬ 
lection of blood. Tlic blood is usually 
drawn from the don under aseptic 
condition into sterile bottles contain¬ 
ing 50 ml. of 4% soliiMon of sodium 
citrate in isotonic sodium chloride 
solution. Sodium citrate is also used 
as a buffering agent in many pharma- 
ccutrical preparations. 

(Continued on page 2'ir,) 
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Herbicide for 
control of 
parthenium and 
other weeds 


M any obnoxious weeds such as 
Parthenium hysterophorus pose a 
serious threat to agriculture, animal 
husbandry and dairy industry. Man¬ 
ual uprooting of parthenium is not 
only costly but it also causes derma¬ 
titis to allergic persons. The use of 
persistent herbicides is also not de¬ 
sirable because of their residual effects 
and consequential hazards to eco¬ 
logy, whereas short-lived herbici¬ 
des tend to be ineffective. In both 
Cases, the amount of herbicides ap¬ 
plied is much in excess of the 
amount required for the control of 
the weeds because of the need to 
compen^ate the loss of herbicide by 
drifting, leaching, evaporation and 
decomposition. At present, formu¬ 
lations based on 2, 4-D, such as 
Wecdonc-48. Weedar-96 and Fer- 
noxone, are being used. Precise data 


on the demand for the product arc 
not available. 

In order to overcome the limita¬ 
tions mentioned above, the National 
Chemical Laboratory (NCL), Pune, 
has developed a novel, controlled- 
release, selective, pre-emergent and 
cheap herbicide formulation for the 
control of parthenium and other 
weeds. In this formulation a mini¬ 
mum dose of herbicide is released in 
a controlled manner at a fairly cons¬ 
tant rale for a desired period of time 
with minimal threat to ecology. 
The NCL process involves the pre¬ 
paration of 2,4-dichlorophenoxy- 
acctylchloride from 2,4-D and its 
treatment with a waste cellulosic 
material such as saw dust under 
suitable conditions The technical 
material is suitably granulated. The 
new product has the following ad¬ 
vantages over the 2,4-D formulations 
available in the market : (I) Quantity 
of active ingredient per acre is much 
less tlian in the conventional formu¬ 
lations; (2) No repeat application is 
needed; (3) There are no drift haza- 
zards to adjoining crop; (4) It is more 
effective since translocation due to 
rains, etc., is minimum; (5) Since it is 
granulated, its application is easier; 
(6j It costs less; and (7) Many un¬ 
desirable effects of 2,4-D are elimi¬ 
nated (germinating grasses grow; 
soil residues are minimum). The 
product prepared in the laboratory 
has been tested by a number of agri¬ 
cultural research institutes and in¬ 
dustries, and has been found effective 
in controlling parthenium and other 
weeds in grazing, irrigated and agri¬ 
cultural fields where crops such as 
sugarcane, maize, wheat, jowar 


and rice are cultivated. 

The herbicide, with a particle 
size distribution of 150-200 US 
mesh, has a pH of 2.9 ± 0.1 and bulk 
density of 0.8 ±0.1 g/cc. Its main 
constituents are : cellulosic material, 
U ±1%; soapstone, 80±1%; urea, 
1-8 2:1%; and 2,4-D, 7.0 ±0.3%. 

2, 't-D, lime, sawdust, soapstone, 
urea, nitrogen, thionyl chloride and 
dimethylformamidc are the major 
raw materials required for the manu- 
factuic of the herbicide formulation. 
Ail these raw materials (technical 
grade) except dimcthylformamide, 
which will have to be imported '’or the 
time being, are indigenously availa¬ 
ble. 

The various items of plant and 
equipment required fof the produc¬ 
tion of the herbicide formulation are: 
reactor (MS and GL), ribbon blen¬ 
der (MS), dosing tanks, storage tanks, 
hoppers, agitating vessels, heat ex¬ 
changers, blowers, hot water cir¬ 
culator, vacuum pump, pulverizers, 
pneumatic conveyors and fluidized 
dryer. All these are either indigen¬ 
ously available or can be fabricated 
locally. 

The laboratory has suggested a 
plant with rapacity of 300 tonnes/ 
annum of the technical product 
(2040 tonnes/ annum of formulated 
product) as the optimum economic- 
size unit. The capital outlay for a 
plant of this size has been estimated 
at Rs. 47 lakh (Rs. 5 lakh on and and 
building,.Rs. 15 lakh on plant and 
equipment, and Rs 27 lakh as wor¬ 
king capital). The ex-factory cost of 
production for the formulated pro¬ 
duct works out at Rs 4.30/kg. 




T FCHNOI XK; IC a I. FOR I C A 

STING hv ? K Rohaigj, K 
Rohat^i and B Howonder, fata 
Mi (traw-Htfl Puhli\hiny^ Company 
J 12'4 A'saf All Road, New 

fVIhi-l 10002, 1070, Pp 3"2, 

Rs. X7()0 

npO plan for achievements ol 
^ societal aspirations and goals, a 
pragmatic methodology is a necess¬ 
ary hase Manipulating the availa¬ 
ble lesourccs by \isuali7mg the 
future ensironmcnl m advance has 
been the essential element (O' plann¬ 
ing process, A fulsome tool which 
embodies the three broad schools of 
thought — political, social and techn; 
Citl m the planning process, for a 
developing country like India is a 
dire necessity Technolo'zy feuccas- 
ting is a recent tool which lias ilie 
capahihlv of blending the ^'chnical 
and social imperatives (i is one ol 
the reasims why India has made a 
spade work in this diicclion 

The book iintlcr review the 
first comprehensive publication of 
!ls kind on policy-oriented subierts 
like technology forecasting and 
technology assessment with special 
relerence to Indian >ituatjon Icchno 
logy forecasting is a tool for corporate 
planning. Determination of the 
probability of occurrence of an 
event, say, an invention or a discovery 
or development of ti process, product 
or material on a given timescale 
which would be commercially ex- 
ploited ior the well being ol society 
will enable the policy iormulatmg 
and implementing agency to accord 
priority m resource allocation among 


dilleicnl alternative projects av.iii.» 
ble on hand In this regard lechnologv 
lorecasting helps the decision- 
maker 

first chapter gives un introduc¬ 
tion to the subject and describes 
different types of technology In rccas- 
fmg The exploratory type of techno- 
!og\ forecasting recognises the reft 
iionshrp between past, present atm*, 
lulu re actions based upon wh'ch 
dclibeij^e planning and execution 
o< k Sc D proivets arc undertaken 
Nf^rmative type of forecasting, which 
In misNion-oriented, involves deter- 
minatnui of future technologic^ to 
satisfy the anticipated future needN 
F-xtiapo!a(or\ type of ftMCcasling 
an extenMon ot present trend into 
future pcrspeciuir. A staicment Nuch 
aNI echnology [ i^rccast:ng permits 
societv to achieve a mi>rc tlcsnablc 
luiurc giaduaiiv in dead ol ihrougb 
giant steps oi violent revi/iutions 
if p l o; 's an idealfstic and :> 
teasiblc s{)lu(K»n to rhe protdem^ <s' 
i hirU W(?rld coi'nirtes ^vho^e 
ci'onomn, interests j'-e remou' 
ont roiled 

Metiiodologics ol (cchnolo'jv 

lorecasling, statistical b'lrmulae 
used and .hisioreial growth in dill- 
erent countucs arc d^scrihtd in 
sections two m ti)ui To give an 
idea ol likelv future events intuitive 
method lechrudoey forcvasMiig 
5 s usctl which involves meni.d 
exercise o\ experts in the rtspcctive 
lields. IndivKiual IorccJsting, opin¬ 
ion podU, panel discussions, brain 
'lormmg exercises, sccn<«rio writing 
and Delphi technKjues arc brief I v 
discussed under intuitive method 
tcchnoi(\ey lorecasting. The other 
major methodologies of technology 
forecasting covered in the book are 
subsiiiution techniques, growth cur 
ves, and dynamic modeling. Theory 
IS supplemented by mathematical 
models and graphs w'herevcr neccs'*' 
arv Technology assessment and its 
relationship with technology forecas¬ 
ting is dealt within section five h 
»s the studv of the impact of present 


jnd liuuie tcchnolvigies on socier. 
.Muf eenlogjca! system 

The following technique^ arc used 
m technology assessment The cost- 
bentdit analvsK compares the total 
.ostv to total benefits m terms of 
present vtii^.*. Multiple network 
lecfiniquc tries to assess the order of 
effects when a technology is intro- 
1 1 need a society Cross impact 

^nalvsis siudics the interaction bet¬ 
ween events and impacts to change 
the 1 1 !t lire consequences 4)t individual 
technoh>gK*s Opcratuuis Research 
ULiinique IS basically a quantitative 
melliodoloev m which relationships 
hi.lwcen dd^eieni interactions are 
.t mode! Questioonaire 
appri^aili uthe ^no^^ tommoc'y used 
rneino^' t** trie unpic! ot 

lecl'.;udoe\ on thi t\r ot oitmlive 
coolr dndJous and cxpei! opinions 
I iie eulhoi s pl. '* to niU'giaU* leehoo- 
! \cy aoe^aocnl and icifinolegv 
M'lCv’CJine w'lK planning 

; I !-ub.i to mo; e future events moix 
..ooindl.fble and jIso dcsuabic must 
• cjvl'O due imporiance 

\ppliLiibiliiv of technology 
loreeaumg uehioqucs is discussed 
m chapter six Using trend extrapola¬ 
tion technique forecast for prodii- 
turn M high Hf* electric motor in 
India volume ot air travel in Indian 
Airlines. MHrevise in coiisumpiion 
ol fcrlib/er rvr hectare ol cropped 
area l\v the year )9SO-9n are graphi 
cal)y siiown vMlh fiigh wuifidcncc 
level, which coidJ li>rm the basis ol 
planning lor the decade A worth¬ 
while study (p. 77) which establishes 
a relationship between umploymenl 
generation an»l mvc^iment required 
has been cited in the hook It slioulj 
a No be realised that cmpl lyment 
generation is not ordy a (uncfiori <d 
investment m rupee ^ but ^*!so a 
function of socially useful and 
productive work, which is ,i reflec¬ 
tion of the philosophy o( the prevui!- 
mg social system, w hether it is sorv ice- 
mot ive or profit-motive 

Sectoral studies on food and 
uencuhure. education, cnertiv resotir- 
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CCS and health and family planning 
services in future India arc lucidly 
discussed in sections seven to ten. 
Magnitude of the problems in each 
sector IS quantified, and technologies 
required for solving the problems and 
the probable dates of availability 
are identified. 

Future economic, political and 
social systems in India are highlight 
ted in section eleven. Some of the 
attri butes such as inequality reduction 
between the poor and rich in develop¬ 
ing countries will remain only a day 
dream unless a radical change occurs 
in the existing social system. 

The book is highly useful 
to students of science policy and^mcn 
engaged in policy formulation and 
implementation programmes in 
government agencies, institutions, 
academic m.stit.utions and industries 
III private and public sector 
organizations. 

V CinVINDARAJin l' 
Ram NaraYxn 


SCItNCt OF ENCilNEERING 
MATERIALS Vols. I & II by 

Manas C handa, I he Macmillan 
Company o! India Limtted. 2/10. 
Daryaganj. New l>elhi-1 10002 , pp. 
247 r XVI and 264 + XIX, Rs 
and IS.M)(I979) 

W ITH !.hc increasing need of 
developing sophisticated materi¬ 
als with desired properties, the study 
ot material designin'^ is becoming 
important The varied problems of 
designing materials to suit a specific 
purpose and the range of applicabili¬ 
ty of the devised materials make the 
‘science of materials' interdisciplin¬ 
ary in nature. The subject is now 
equally relevant to an engineer, a 
physicist, a chemist or a medical 
scientist. In this context, these in¬ 
troductory volumes on the science of 
engineering materials will be wel¬ 
comed by the academic community. 
These are the first two of the 


volume.s wrillen bv an expert m the 
field engaged in teaching and research 
in Indian Institute of Science, Banga¬ 
lore, 

The first volume, consisting of five 
chapters, deals with the structure of 
matter. In Chapter I, discussing the 
basic concepts of atomic structure of 
matter, the author has elaborated the 
subject in a logical manner. The 
engineering materials used are 
generally m solid-state So, ih order 
to develop the subject, the author, 
in Chapter 2 and 3, has given a good 
account of the interatomic and 
inlermoiccular forces and formation 
of different states of matter including 
the amorphous state Formal 
accounts ol the atomic arrangements 
of crystalline solids and different 
types ol crystal imperltclions are 
included m C hapter 4 and 5 

The second volume has six 
Chapters which deal with materials 
Chapter I presents a brief, general 
study ol the systems m which two or 
more phases occur together in 
equilibrium, while Chapter 2 describes 
m detail the diflerent phases and 
pha‘c transformations m an important 
engineering matcrial-iron-carbon sys¬ 
tem The last four chapters of this 
volume describe the four main groups 
of engineering materials—metals and 
alloys, polymeric materials, ceramics 
and composites. Merc tlic author lias 
d'srussed nicciv the bchavioufN of 
different materials relating to their 
miernal structure and environment 

Both these volumes arc writun 
with care and with the intention of 
presenting easily readable material 
to the students who have undergone 
basic courses in physics and chemistry. 
The book is amply illustraud and the 
diagrams have generally been clearly 
printed: some of them, however, 
need improvement. 

The bibliographical notes given 
at the end of each chapter, while 
reminding the readers of the introduc¬ 
tory nature of the book, give valuable 
directions for more detailed reference. 


which should have been listed, are 
not given. The students will benefit 
from the problems given at the end 
of each chapter. The get-up of both 
the volumes including printing, bin¬ 
ding, etc., is of a good standard. 

The book is highly recommended 
for the students of materials science. 

Bibck BANr.RJir 


MODERN PHYSICS AND QUAN 
TLIM MECHANICS by EL 

Anderson, 7'hc Macmillan ( o. of 
India Ltd. 2/10. Ansari Road, 
Daryaganj, New Delhi-1 10002/ 979), 
Pp 430, Rs 24.75 

^"'HE book under review is a 
^ cheaper Indian reprint of the 
American edition of the original text 
Although the word ‘‘Modern" is 
incorporated in the title, the book 
has nothing much to do with modern 
physics. Nor does it intend, as the 
author himself clarifies m the preface, 
to give an adequate coverage to 
various topics related to modern 
physics. The book prirranly aims at 
mlroduciiig to the readers the basic 
concepts, principles, and techniques 
of quantum jiicchanic^ In pursuit 
ot this goal, the aiiihor first attempts 
to develop certain concepts and ideas 
from modern pliysics which he 
considers essential for the understan¬ 
ding of quantum mechanics in the 
later part 4)f his book 

The hook is divided into eleven 
chapters. The introductoiv chapter 
gives an account ot the Special Theory 
of Relativity with some illustrations 
of Its role in contenipiirary physics. 
Chapter 2 describes how attempts to 
explain the energy distubulion in the 
black-body spectrum led to the 
revolutionary idea of the quantiza¬ 
tion of electromagnetic radiation, 
namely, that radiation consists of 
discrete packets or bundles of energy, 
called quanta or photons. This chap¬ 
ter also brings out the dual, i.e.. 
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which h explained by regarding the 
photon as a wave packet. 

Chapter 3 describes the Bohr 
inc’del ot the atom and some other 
concepts of interest. Chapter 4 first 
mves a brief description of the 
■‘old " quantum theory which is 
tilustrared by the Sommerfeld treat¬ 
ment of the hydrogen atom and then 
goes on with the development of the 
wave mechanical formalism involving 
lie Broglie particle-wave concept and 
ihc Schrodmger's wave equation. 
\pplications of the Schrodingcr’s 
formalism lo one-dimcnsfopal pro¬ 
blems form the basis of Chapter 5, 
which also incorporates the quantum 
ilicor> of the linear harmonic oscilki- 
ioi A summary of the postulates of 
quaLium mechanics and the essentials 


S INTROniCTRY CHEMIS¬ 
TRY in M. Kalya L 0.\Jon/ 
Unnvrsliy Press, 2/11, Ansari 
Road, Daryaganj , New Delhi- 
lIfCT'2. rP- Rs 10.^0 
: ALTERNATIVE SCIENCES by 
Ashis Nandy, Allied Publishers 
Pvt, Ltd, 13/14, Asaf Ali 
Road, New Delhi - 1 10002, 
pp. 151, Rs. 40 00 

3. HOMOEABKR: Technology and 
Culture In liutia. China 4nd 


LETTERS U Of it (ihu (I from page • 

of reading uch a nice and informa¬ 
lly e maga/me like S.R. Since sci- 
has dccp}> penetrated into our 
M»e, the ncc\l is to make it more 
to coniprehcrul even to 


of matrix mechanics appears in 
Chapter 6. Angular momentum opera¬ 
tors and their eigen functions arc 
treated in Chapter 7 while Chapter 8 
IS devoted to a discussion regarding 
implications of the spin-orbit interac¬ 
tion. 

In the application of quantum 
mechanics to real physical systems 
some approximate techniques need 
to be developed, for there are few 
physical problems that are amenable 
to exact solution. The various 
approximate techniques, including the 
widtlv used perturbation theory, are 
described in Chapter 9. These techni 
ques arc applied in the subsequent 
chapter to some specific atomic 
problems. Finally, in Chapter 11 a 
discussion appear^ on some scattering 


Books received 

The West hv Claude Alphunso 
Alvares, Allied' Publishers Pvt. 
Ltd. (address as above), pp. 276, 
Rs. 60.00 

4, PROBLEMS IN PHYSICS 
by Dhar, Chopra, Sehgal and 
Sehgal, Sultan Chand Sons, 
4192/23, Daryaganj, New Delhi- 
110002, pp. 8.86, Rs. 25.00 

5. QUANTUM MECHANICS by 
Kakani & Chandalia, Sultan 
Chand & (address as above), 


■ii) 

layman. It should noi be coniined, 
to a particular class only. Therefore 
I suggest you to devote u page for 
‘Glossary of scientific terms’ explain¬ 
ing rhr‘ various terms, symbolic name'* 


problems which are treated quantum 
mechanically. 

More than 250 problems have 
been included in the book. Each 
chapter is followed by a list of 
references. A brief summary is also 
given at the end of almost every 
chapter. Some appendices also appear 
at the end of some of the chapters. 
The exposition of the text material 
IS logical as well as simple and 
systematic The book is an excellent 
text on quantum mechanics and may 
serve as a ready reference for physici¬ 
sts. It may prove useful for the stu¬ 
dents of quantum physics at the post¬ 
graduate level 

P.K. Mukhfrjm 


pp. 645, Rs. 27.50 

6. NUMERICAL PROBLEMS IN 
CHEMISTRY by Sarin and 
Sarin, Sultan Chand & Sons 
(address as above), pp. 545, 
Rs. 12.50 

7. MODERN PHYSICS by 
Sehgal, Chopra and Sehgal, 
Sultan Chand & Sons (address 
as above), pp. 431, Rs. 15.00 


111 layman's language, I hope 
this would attract a large number of 
readers from other disciplines. 

ASHOK K T RIFAT wi 

AUahohad 




The new LKB Ultrotome V is a precision instrument based uiwn the reliable, award-winning 
LKB Ultrotome I and Ultrotome 111. The wide range of cutting speeds, three independent 
advance systems and the gravity powered cutting movement combine to produce professional 
results for the clinician, researcher and the industrial microscopist. It is pleasing to use 
because it produces good sections from even the hardest specimens. Features such as the 
variable-position microscope, the easy accessibility of all controls and the sensible control 
module are designed to give all operators the maximum of comfort. While Ultrotome V meets 
all current demands in electron microscopy, the addition of the LKB CryoKit and CryoTools 
opens up new fields for future research in cryoultramicrotomy. 


For further details please contact: 

THE SCIENTIFIC INSTRUMENT COMPANY LIMITED 

Allahabad, Bombay, Calcutta, Madras, New Delhi, Ahmedabad, 

Bangalore, Gauhati, Hyderabad, Lucknow. 

ESTO. 1911 

Head Office : 

6, Tej Bahadur Sapru Road, Allahabad-211001 
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f rt>ni It.tnMTU.Mon lov^ors ti* 
^*r^ntcd C ircLiil Hoards— its ail with 
1 ft the r.iav'c o! iih^r^lass 1 fie t ill 
iraf'sinission towci Sironj' hi’ht 
slim It cass in ccjnsiriKt and 
quicker it is '^ealhc^ rcsisfani 
durable cas> to mamiain And. tor 
ihes.iluc It i>i\cs. rclalivcK mev- 
i pensive The miniature prirtieiltT- 
' cult board It has hij]h Llecirn I 
resistance and i'' of ytreai st,i.iiett' 
All these values, and the others 
non-flamrnabihiy. insulating capa- 
bildy, hi^h dimensiona! .tabibiy — 
arc well exploited ri making items 
like Components of Transform!, rs. 


The Versatile Material. 
Soarinqi High^ Going Small. 


Moioi s < n M!.r at<n > .uivl Sv\ lu tiee.ir 
Tleadlanifi i'nits Siret.l liehtinL* 
Holes and ( overs i imps and 
tilobc. Murouasc Anlcnna I le 
lineal Hoonis and laJtlers \iuJ 


in And. tor | iberudass A iievs dmiensnm to division for 

livelv inev- lJei^ironns I kitiivaK indnsirv rners. The I 

pr inlcit t' r- A material w Inc h is l<!laliv Nate A don < onsu 

h Llecirn I maieti.jl aIikIi uill (Hilcompcie services rai 

l stitiigth sieel al'iniinium set.imiLs identificatioi 

Ihe others I ihcrcla-.s Hroduefs oi the I le- Project ( 

ating Capa- iron i, , I l<(iriv.als Indusirv A pro- Loans. Proi 

! .tabilily lilab'e msesirneni for usr, i And Kconomics. 

aking Items loriliL manut acturers loo because sionmg. 

ansformifs. their hit:h .ales potential «,.ts> 

Twiga. Creators of Concepts in Fiberglass. 


lu liec.i r I nan ut at t ur 1 n u let^hniqne > » v. i - ■ 

I lehtmL* nomics duntig man ul at i uri, 

mt^s and f»ij»a, makers of fiberglass, bring 
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REACHING FOR PERFECTION.... 

REACHING FOR AN ACCUMEASURES VERNIER CALIPER 


Accumeasures Vernier Calipers embody 'precision to the 
last micron.' They are 100'‘o accurate. 

Manufactured by Accumeasures Punjab Limited, in tech¬ 
nical collaboration with P-E Consulting Grbup,of London, 
the impeccable quality Accumeasures Vernier Calipers in¬ 
corporate important features : 

- Construction : All Stainless steel. Hardened and sta - 

bilized beam.AII sliding surfaces precisior'i 
ground. 

- Jaws : Precision ground and lapped 

• Graduations : Imported Swiss glass masters and an 

ultra-modern photo-etching technology, 
under controlled temperature conditions, 
combine to provide the ultimate in 
marking accuracy. Sharp, uniform, jet 
black markings, on a satin chrome, 
no-glare surface. 

Markings Both inch and metric. 

To the user on thefactory floor.the Accumeasures Vernier 
Caliper gives proper performance over an extra long life¬ 
span For him, it ensures perfection in his |ob 

Accumeasures also manufacture Micrometers. Vernier 
Height Gauges, Screw Plug Gauges 
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REACHING FOR AN ACCUMEASURES 
SCREW PLUG GAUGE. 

Accumeasures Screw Plug Gauges embody 'precision 
to the last micron.' They are 100'*/, accurate. 
Manufactured by Accumeasures Punjab Limited, in 
technical collaboration with P E Consulting Group, 
of London, the impeccable quality Accumeasures 
Screw Plug Gauges incorporate important features. 
All Gauges : 

- are made from special imported tool steel ; 

’ are hardened, specially stabilized, ground and 
lapped, to endow them with the maximum attain¬ 
able degree of accuracy and length of life . 

- are made in all international standards according 
to customers' requirements, and can be made in 
special thread forms and accuracies, on order. 

To the user on the factory floor. The Accumeasures 
Screw Plug Gauge gives proper performance over an 
extra long life-span For him, it ensures perfection 
in his job. 

Accumeasures also manufacture Micrometers Ver¬ 
nier Height Gauges, Vernier Calipers. 


^Accumeasurts and accuracy - hand in hand 
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Indian nnmcii of constcfladras 

Sir, It has been a great {Measure 
tor me to go through the serialised 
articles on **Star watching’* and the 
feature ^Phmets and their positions” 
published every month in S.R. 

In the issue of November 1979, 
page 786, in the piece on Nakshatras 
it is stated that ^Unlike the Babylonians 
or the Chinese the anciem Indian 
astranomers were not particularly 
interested in the study of stars or the 
prqMration of star catalogues. Their 
interest in stars and constellations 
largely centered around those whidi 
lie along or near the cdiptic. (That 
is why we do not have Indian names 
for most of the non-cquatonal con¬ 
stellations.)” 

Here I would like to mention that 
our anciem learned men did not leave 
any field or subject incomplete in any 
aspea. The only thing is that we 
may not have studied abwt all their 
contributions most of which are in 
Sanskrit and can be found only in 
some little-known books. After years 
of effort, I have been able to compile 
a list of the andcitt Indian names for 
most of the nan-equatorial constella¬ 
tions which I am sending herewith. 

My search for Indian names of the 
coostdlatioos hcffia with my first 
identifiation of the star groups as 
given in star duots contained in 
AIBed Schaai Atku puUished by 
Allied Puhlisheis, New Delhi. 
I learnt the European names and their 
Rn gitjth meanings the book. 

The OksarMr’j Beok of Astronon^ 
published fiom I^ondon in 1965. 


Imhan lumct 


CarresponJafgE ur opeat i i 


(A) Northera Constrilatiwna 

1. ASHVA-MUKHA (ArtM=hone) 

(AfHMaMi==fiKx) BQUULBUS (^Uttkbone) 

2. UCHAIS SHRAVA (hone of Indn «^ch PEGASUS (^winced hone) 
has wings) 

3. UTTARAMUKUTCUttarar-northem) 

(MuAueormi—crown) 


4. KARABHA (baby camel) 

5. KAL.1A (=the serpent) 

6 . GARUDA (:^eagle) 

7. JAMBUKA (=^fox) 

8 . THRI-BHUJA (trian^e) 

9. DBVAYANI (wifieofYayati) 

10. BRUHAD-RUKSHA (Bruhnt^gieat) 

(RiifaAa=bear) 

11. BHUJAGA'DHARI (Bhoaga^-aerpeat) 

(DAon—bearer) 

12. BHU-TAPAH (meaning not known) 

13. YAYATI (a king-rescued DetxQMifN from 

a well and Gdl in love with her 
and married her) 

14. RAJA-HAMSA (swan) 

15. LAGHU-RUKSHA (L<v*u=^little) 

(Ruksha —bear) 

16. VISHVA-KAORU (Hunting dog) 

17. VRUSHA-PARVA (king of Oattym & 

&ther of Sharniutha) 

18. SHARA (arrow) 

19. SHARMISTHA (Ptincesa, dau|^tcT of 


CCSIONA BORBAUS (^Northern 
Crown) 

CAMELOPARDUS (Girafiee). added 
in 1690 by Havriiua. 

DRACO (—diagoo) 

AQUILLA (^cagie) 

VUU'BCULA (fbxX added in 1690 
by Haveiina. 

TRIANGULUM (Triangle) 
ANDROMEDA (wife of Perseus) 

URSA MAJOR (Great Bear) 

OPHIUCHUS (Serpent bearer) 

Not known 

PERSEUS (rescued Andrmneda 
ch a in ed to a rode and &U in love with 
her and married her) 

CYGNUS (Swan) 

URSA MINOR (Little bear) 

CANES VENATICl (hunting dogs), 
added in 1690 by Havelius. 
CEPHEUS (husband of Cassiopeia) 

SAGITTA (Arrow) 


CASSIOPEIA (lady in the chair who 
king Vrushaparva who was was proud of her beauty) 
proud of her position) 

20. SHARGNAPANI (SAiyna=bow) A bow 

(Pom—holder) hunter BOOTES (The huntsman) 

21. SHAURI (Krishna—a hero in Indian HERCULES (A hero in Gredc my- 

mythology. He wbdued KaUya ihology. He lulled 

a serpent with many venomous Hydra, a aeipcnt with 

heads) many venoinous heads) 


Later I purchased many books on 
JyoHskyam in Tdugu snd tried to 
take out the Indian names for various 
Nakshatras. (ZasuaQy, when I was^ 
looking into a Telugu dictionary by 
name Andhra Vathaspathyanm com¬ 
plied by Sri Kotra Shyamala Kama 
Sastri 4 nd published by The Orient 
Publishing Companyy Msdnts-Teiuli- 
Hyderabad in 1959 ,1 found the names 
of various star groups under the word 
JRikia (i Telugu word for star). There 
it is memioned as follows: 


(A) The stars which m north d 
Ran Chakra in the sty have been divi¬ 
ded into 25 Rasuhi (= cosgtdhtions), 
namdy : 

(i) Ashva-mukhamu, (2) Udiais sbn 
vamu,(3) Uttan-mukutamiiy (4) Kara- 
bhamu, (s) Kaliyamu, (6)Ganidudu 
(7) Jambukamuy ^ Thri-Umjamu, 
Devayani* (zo) Bnihad-ruksbamu, 
(ii) Bhupffh-dhari, (12) Bhu-tafsunu, 
(13) Yi^atiy (14) Raja-ttnnsa, (15) La- 

ghu-mlohamu, (16) Visvarkadruvu, 
(17) Vrusha-parvudu, (18) Shatamu, 


V Tidile X. (Cantd.) 


MSdff 


Corr ^s pcnding Murpptan narntM 


22. SARPA (teipeat) 

23. SARADHl (dianotccr) 

24. SWARA-MANDALA (region of sound) 

maybe 

25. HRUDAYA (Hemn) 

(B) Sovtlicni ConatdistkMn 

26. THIMINGILA (giant fish) 

27. MRUGA-SHEBRSHA (deer head) or 

MRUGA (deer) 

28. YAMUNA (the river) 

29. BRUHAT-LUBDHAKA 

(Bmto^great) 

{Lubdhaka— hunter) 

30. LAGHU-LUBDHAKA 

(Livfai—little) * 

(Lubdhaka— hunter) 

31. NAUKA (ship probably of king Sathya- 

varathd) 

32. VASUKI (King of snake?) 

33. CHASHAKA (cup) 

34. DHWANKSHA (crow) 

35. NARASHVA (Nata=niMn) 

ahorse) 

36. VRUKA (Wolf) 

37. PEETTHA (Aosaitam^scat) 

38. SHASHA (Hare) 

39. DAKSHINA MUKUT 

(jDuubAoia =;^uthem 
{Mukut— crown) 

40. DAKSHINA MATHSYA 

(Dakshina ~ southern) 
(AtoAo'a—fish) 

41. SHRinSlGASHWA 

(Shnmga—boim) 

{Ashtva—bont) 

42. PARAVATHA (dove) 

43. SWASTHIKA (a bird) 


SERPENS (Serpent) 
AURIGA (Charioteer) 

LYRA (Harp) 

(not known) 


GENUS (Sea monster) 

ORION (Hunter), as per ^Anmrkoah* 
Sanskrit Dictionary. 

BRIDANUS (The river Bridanus) 

CANIS MAJOR (Great dog=hunting 
dug) 

CANIS MINOR (Little dog—hunting 
dog) 

ARGO-NAVIS (Ship of Argo) 

HYDRA (Water snake) 

CRATER (Cup) 

CORVUS (Crow) 

CENTAURUS (half man half horse) 

LUPUS (Wolf) 

ARA (Alter —Daiva Pegtham) 

LEPUS (Hare) 

CORONA AUSTRALIS 
(Southern crown) 

PISCIS AUSTR (Southern fish) 


MONOGBROS (Unicorn homed 
horse)) added in 1690 by Havelius. 

COLUMBA (Dove), added in 1679 
by Royer 

Phoenix (A mythological bird), 
added in 1603 by Bnyer. 


(19) Sharmistha, (20) Shaigna-pam, 
(21) Sl;iauri, (22) Sarpamu, (23) Saradhi, 
(24) Swata-mandalamu, aod (25) 
Hnidayamu. 

(B) The stars south of the Rasi 
Chakra have been divided into 18 
Basis (Constellations), namdy; 

(i) ThimingUamu, (2) 
sheershamu, (3) Yamuna, (4) Bnihat- 
lubdhakamu, (5) Lagjhu-lubdhakamu, 
(6) Nauka, (7)Vasukij (8) Chashakamu, 
(9) Dhwankshanui, (10) Naraashvamu, 
(ii) Vnikamu, (12) Pcetthanxu, 
(13) Shashamu, (14) Dakshina-inuku- 


tamu, (15) Dakshina-matsyamu, 
(16) Shrungashvamu, (17) Parava- 
thamu, and (18) Swasthikamu. 

If we remove the suffixes, namdy, 
ntfij du and %m from the above Tdugu 
words, we get the corresponding 
Sanskrit words. In the above men¬ 
tioned diaionary the Tdugu meanings 
for the above Sanskrit names were 
not mentioned and as such I could not 
understand to which European names 
they cortesponded. Later I found the 
Tehigu meanings from Tdugu-Sans- 
krit dictionaries. When compared, the 
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Tdugu mcnings of the Sandkric nanes 
agreed with the English meanings of 
the European names of many star 
groups. In case of some oonstdlations, 
namdy, Cassaopda, Andromeda, 
Perseus, Cepheus, etc., the Greek 
mythological stories about them were 
found to be very similar to the stories 
behind Shanmstha^ Deaqyanii 
Yayati and Vrusha-paroay etc., os men¬ 
tioned in MakcAhanaam or Sri 
Madh Bhagavatam. 

There is a mention of Skimshu- 
maara chakra in SriDeoi (or Sri Madh) 
BhagODatam, It corresponds to cir¬ 
cumpolar stars which are in the con- 
stdlation Ursa Minor. 1 have listed the 
Indian names (Table i) according to 
their meanings as I have understood 
them. 


[Nou : *Jyotiiham* is one of 6 Angas 
(~paits)of the Vedas which arc believed 
to date back 3^000 years beCorc Christ.] 

C Pbathapa Rewy 
Dwisumal Forest Officer 
Lcggif^ Dwisiafty Achampeta 
Mcddndmagar IHst.y A.P, 


Scicnoc for afl 

Sir, It is most gratifying that 
CSlRis bringing science to the ^needy’ 
(there are many) so upto date and su¬ 
perbly edited and presented in S.R, 
Its popularity can be judged from the 
fret that it b now available even in 
petty book and magariiy? stalls. I was 
never in two minds to spend a rupee if 
a new issue of S,R. was available 
anywhere. 1 can take it home or office 
and be sure that those around would 
enjoy and benefit by it. SJt, is 
certainly the best reading material one 
can buy for its price. 

Your r^ular features such as 
^Tlanets and their p<isitions” and 
“Guide to starwatching’’help even the 
uninitiated to gaze through the realm 
of the heavenly bodies on silent nights 
in oomprebension of limitless space. 
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1 specially liked the News an ^ Notes 
00 the Nobel Laureates in your 
December 1979 issue. The write-up on 
Professor Saiam is done in reverence 
and understanding of a great scientist 
ethnically close to us. It is indeed re¬ 
freshing that science and genius can 
break all barners—the right funxrtion 
of S.R. 

1 wish also to mention a few points 
on the ‘^Science for the Young** column 
on Fighting in nnimaia by A.K. Sinha 
m S.R.y December 1979 issue. It is 
well done with drawings to arcraa and 
stimulate the young reader. However, 
I felt that the omission of reference to 
Konrad Lorenz’s work in this context 
was unusual, Lorenz’s (not B. O. 
Lorenz wlvam Sinha cues) “King Solo¬ 
mon’s Ring ’ and “Man meets Dog” 
have a lot to say about fighting in ani¬ 
mals. Unlike what is stated by Sinha, 
certain animals, to quote Lorenz> 
ihc ‘peaceful’ doves, light until death, 
but the ferocious limber wolf docs 
not kill its vanquished partner—an 
imtiuctivc behavioural control mc- 
clunism prevenrs the deadly canine 
tLarmg the exposed jugular vein of the 
li)wlv loser. Agam Sinha suggests 
f u.. man alone kills his vanquished 
i ,4unics - in some cases the enemy is 
let off, provided the surrender signal 
is rightly given. 1 would agree with 
Lorenz who suspeas that the bowing 
to the victor, taking the hat off and 
perhaps also the *Nanuistc* gesture 
of salutation among us, are surrender 
signals blocking the aggression act of 
the ‘killer*. These remarks do not 
diminish the fine points of the article 
by Sinha, but arc mentioned only to 
complcnient. 

M. N. Kitty 
Dean Faculty of Fishtrige 
Tamil Nadu Agrd. Umversity 
Tuticorm -628101 


Diaappointment 

Sir, Being a regular reader of S.R., 
my attention was attcactedto the article 


Experimcttfa-^-why design then? 

( 5 .R., December 1979) because, as 
I remember this is the first article on 
the subject. I read and re-read the 
article with interest though at the end 
I felt a bit disappointed. 

The subject is of utmost impor¬ 
tance to scientists and technologists. 
The author seems to have had this 
in view when he wrote the article. He 
has tried to explain the pitfalls of in¬ 
ductive inference by referring to the 
claim of an individual. However, the 
jump from the introduction to the 
problem is so sudden that 1 was 
thrown off my guard. Yes, we need to 
define our research problems very 
clearly. But what should have been 
stressed is that every experiment is 
“condasioix orientated” as every coa- 
sum::r product is customer orientated. 
After emphasising this pomt in the 
initial stages, he should have gone 
back to the individual’s claim. The 
example about the pack of cards is 
superb but the one about the poor 
man appears to have been thrust on 
the artidc. This leaves behind the 
impression of a “stray thoughts” like 
an affair rather than a neatly written 
article and hence the disappointment. 

By and large the attempt is well 
intemioned and I suggest that the 
author be requested to bring out in 
simple language a scries of articles on 
statistics for the benefit of sdentists 
and technologists. 

Ramkath R. Juwaxkar 
Bombay 400004 

Avofftdro’s nomber 

Sir, In the article Experimenu 
—wliy dcsigii thtmi (S,R., Dec. 

Z979) CK. Pradhan says that, _ 

equal volumes of all gases under the 
same conditions of temper a t u re and 
pressure should always cozuain the 
same number of molecules. Known 
as Avogadro*s number it is denoted 
by N” (p. 810, col. I, last para). This 
statement leads us to believe that at 
all voluaies, tempetatuxes and pres- 


anres all gases will oomain N mole¬ 
cules. The truth, however, is that all 
gases will contain N moleaiks only 
at certain values of volume, tempera¬ 
ture and pressure, viz., at N.T.P. 
when their vdume is 22^ littes. 

Madhukax G. Awatkamani 

NeaDtm-llOm 

Jadngm bird mystery 

Sir, I found the article The Jatinga 
bird mystery September 

1979) and related discussions in res¬ 
ponse to that (fetters, S, R,, January 

1980) quite stimulating. However, 1 
feel, we should depend more upon 
reasoning rather than consider what is 
believed at Pakshuirth, This place of 
pilgrimage provides just another exam¬ 
ple how in our country people are 
cheated by asmbing superstitions to 
not very impossible happenings. The 
belief that the same two birds have 
been visiting the place since 7th cen¬ 
tury is no less bogus than those Jatinga 
villagers* earlier thought that God 
had sent the birds to satisfy their hun¬ 
ger! Is not it the scientists’ concern to 
rcplaoc such blind beliefr with facts 
and knowledge? 

1 think the stimuli operating on the 
birds for their unique movement is a 
combination of what Viswanathan and 
Anathasubramanian have indivi¬ 
dually suggested in their letters {S. 
January 1980). The fact that it occurs 
only in a fixed and limited regioa of 
the village suggests the primary rea¬ 
son to be a sudden change in the mag- 
nedc field of the place. Other noted 
environmental fiKXors possibly assist 
this dbange of magnetic field in dis- 
turbiDg the psychological condition of 
the birds axul thus stimulating the un¬ 
common behaviour. It can further be 
assumed that the above disturbance 
and the outcome of the birds’ unusual 
behavkNir that fiollows leave a deep 
psychcdogical scar in them. This 
aasuDoprion enables us to visualise the 
possible rctton why the peculiar be¬ 
haviour persists even after the essen- 
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tial factors were retracted as observed 
in case of the two birds Seogupta 
and coworker got from their balcony 
on 24 . 9 . 1978 . 

AjiT Kumar Patnaik 
Deptt, of Zoology 
Berhampur University 
Berhampur-760007 

Eclipse and the eye 

Sir, Regarding the letter of 
Pranesh Nigam (S.R., Dec., 1979 ) , 
I would like to quote from a lecture 
of the eminent astrophysicist Prof. 
J. C, Bhanacharya. According to him, 
during a total solar eclipse, it becomes 
dark to the extent that even stars are 
visible clearly. Under these condi¬ 
tions, the pupil of the c>’e is fully open. 
The period of the total txrlipse is very 
sxTiall and if one is looking ar the sun 
when a portion of thi bright disc 
suddenly reappears the pupil is not 
able to respond so quickly. I'his can 
lead to f^rrmanent daiiiage of the 
retina. 

rhe rarity of reports of such inci- 
dents of damage to the eye makes 
people take this v’animg lightly, 
whereas, in my opinion, this rarity 
IS due to the rarity of the total solar 
eclipse itself. 

N. Ratam 
Nuclear Research Laboratory 
Banaras Hindu University 
Varanasi- 22100 

Immobilisced enzymes 

Sir, The article Immobilized 
enzymes to aid food industry 
{S,R.^ Dec, 1979 ) gives an introduc¬ 
tion to the field of immobilized en¬ 
zymes. It would have been appro¬ 
priate to the title if the author had 
mentioned the processes using immo¬ 
bilized enzymes which are already 
taken up by industry for commercial 
production, viz., production of L- 
amino adds, 6 -aminopenidliinic acid 
and high fructose syrup. Secondly, 
conversion of starch to glucose using 
immobilized glucoamylase has been 
Hudied (Wily on a pilot plant scale with 


a capadty to prcxiucc 4-5 million kg 
of glucose per year. It should be noted 
that even though food industry utili¬ 
zes a large amount of soluble enzymes 
in a wide variety of uses, immobilized 
en 2 )nmcs may be expected to compete 
only in those process^ w''herc there 
is a dear cut economic and technical 
advantage. Finally it would have been 
very useful if the author had listed our 
current and potential applications of 
immobilized enzymes m food industry. 

M. Ramakris.ina 
Scientist 

Biochtmisrry and Applied Nutrition 
Central Food Tcc^' Res. Institute 
My sore-37001^ 

Radiomimetic substances 

Sir, In Radiation mutagens and 
their mechanism of action by T.F. 
Singh (S’./?., November 1978 ), the 
author has defined “radiominietic” 
substances as cheinicai substances 
which stimulate the biological effects 
of ionizing radiations. It is mcorrcci. 
As we know radiation mutagens were 
first 10 be discovered and used for rhe 
induction of mutations, lire use of 
chemical substances to induce muta¬ 
tions was known later. At the begin¬ 
ning of World War II, C. Auer¬ 
bach and J. M- Robson of Insti¬ 
tute of Animal Genetic's, lidinburgh, 
Scotland, used mustard gas and sul¬ 
phur compounds on mice andDroso-^ 
phila. They found that mustrad gas 
and other related compounds pro¬ 
duced all those effects that were known 
to occur in mice and Drosophila follow¬ 
ing X-ray treatment. Because of this 
resemblance to X-rays, mustrad gas 
and related compounds were called ^^ra- 
diomimetic*\ But today, we know that 
though radiation and chemical muta¬ 
gens can produce sinhiar changes at 
phenotypic level in the living organi¬ 
sms, yet their mode of aaion with 
the genetic material and various other 
cytological effects are different. Fur¬ 
thermore, some of the chemical muta¬ 
gens are specific in action and much 
more effective in inducing mutations 


in comparison wiin the radiation 
mutagens. Thus, we see that che¬ 
mical mutagens differ qualitatively and 
quantitaiively to live up to appella¬ 
tion “radioniimenc'’. Of late, the 
term seems to have disappeared from 
the literature, and for good j;eiisoas. 
Therefore, today the tern ‘‘ladto- 
mimctic'* substances fox chcmKal 
muragens has a limited value 
S. K. 

Sctenn\': 

Central Poiatc Reseat S: S:.?/,. 
Kufr rnlal 

Suggestions 

Sir, I have been i \ k 

S.R. since 1966 . 1 ; . v 

attractive, impreSMve and ^ r 

magazine for science student \ ' . ^ 

the following : 

Detailed artiOc^. on ^ 

mon diseases found iU lad..! j * 
malaria, fiiana, kalit azur. 
arthritis, gout, thfuniat! r. p ^ 

SIS, tuberculosis, lej n ^ 

measles, glancotna, cutiir.j 
cough and catiarli, etc it; 

be published regularly. It will help 
even a common man to understand 
the diseases. I very much ap¬ 
preciated the article onOisteomycIttia 
(S. October 1979 ). My daughter 
suffered from this disease two vears 
back. This article would have been 
proved very helpful, if J would have 
read it at that time. 

Some articles on fi.'malc diseases 
should also be published in place of 
such topics as “Food storing in refri- 
gciator”, “Think before you wear a 
bra“, “Cold cream”, etc. 

Your magazine has nothing for the 
children. Even m the “ International 
year of the child” it has not paid atten¬ 
tion towards children. Perhaps the 
children arc the most neglected in our 
society. Can’t you publish something 
regarding children under the heading 
“Child Care” or “Science for children.” 

M. A. Arbasi 
Khmr College 
Bust! {U P,) 27mi 
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Planets and 


their positions 

June 1980 



^ Jopnea ♦ • • S • • ^ o fuu moon 2S’^» 

If SATURN 


The moon 

N ew moon occurs on 13th at 
2-08 a.m. and full moon occurs 
on 28th at 2.32 p.m. J.S.T. The 
moon passes about three and a half 
degrees south of Venus on 13th, four 
degrees south of Mercury on 15th, 
very close to Jupiter on 18th, about 
two degrees north of Man in the 
evening of 19th and half a degree 
north of Saturn in the midnight of 
19th. The lunar crescent becomes 


first visible after the new moon day 
in the evening of 14th. The moon 
is at perigee or nearest to the earth 
on 9th and at apogee or farthest 
from it on the 21st. 

The sun is at the summer solstice 
on 21st. 

The planets 

Mercury {Budhd)y an evening 
star visible on the western horizon, 


sets about one and a half hours 
after sunset during the first.half of 
the month and about an hour after 
it during the second half. It is at 
the greatest eastern elongation of 
about 25° from the sun on 14th. It 
passes about half a degree north of 
Venus on 1st. It passes about 8° 
south of the stir Pollux {Punarvasu) 
on 24th. It becomes retrograde on 
28th. It moves from Gemini 
{Mithuna) to Cancer {Karkata). Its 
visual magnitude varies from —0.3 
to +1.9 . 

Venus {Sukra)^ visible in the* 
evening sky, sets about one and a 
half hours after sunset during the 
first quarter of the month. There¬ 
after, it is too near the sun to be 
visible. It is in inferior Coujuntion 
with the sun on 15th. it rt*appears 
as a morning star on 20th and rises 
about an hour before the sunrise. 
It move^ from Gemini {Mithuna) to 
Taurus by retrograde 

motion. Its visual magnitude varies 
from — 3.1 to —3.8 . 

Mars {Mangala), visible in the 
evening sky, sets about half an hour 
before local midnight during the 
first half of the month and about 
an hour before it during the second 
half. It passes about 2"^ south of 
Saturn on 25th. it moves from Leo 
(Simha) to Virgo {Kanya). Its visual 
magnitude is about +1.1 . 

Jupiter (Brihaspati), visible in 
the evening sky, sets about an hour 
before midnight during tiie first half 
of the month and about two hours 
before it during the second half. It 
is in the Leo {Simha), Its visual 
magnitude is about —1.4. 

Saturn {Sani) sets at about mid¬ 
night during the first half of the 
month and about an hour before it 
during the second half It is in 
quadrature with the sun on llth. h 
is in Leo {Simha). Its visual magni¬ 
tude is about +1.3 . 

{Source : Posi^onal Astronomy 
Centre, India Meteorogical Depart¬ 
ment, P-546, Block ‘N’ (1st flobr). 
New Alipore, Calcutta-700053) 
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W E get energy from many 
sources like the sun, radioactive 
materials, coal, water resources, oil 
and gas and forests. Among them oil 
is used most widely in some form or 
the other. All countries do not 
produce oil; some have vast resour¬ 
ces of oil and they export it 
to other countries. The export and 
import of oil has today become 
an effective instrument for negotia¬ 
tions in the global politics. This 
shows how much we depend upon 
oil as a source of energy. 

The continuing hike in oil prices 
and the realisation that its reserves 
are not unlimited has prompted 
many countries to increase their 
efforts to develop alternative 
resources of energy. 


and crop drying or indirectly by 
growing trees which harness the 
limitless solar power and convert 
it into wood through the process of 
photosynthesis. If trees are grown 
systematically and managed pro¬ 
perly, they can provide on a sustained 
basis the bulk of the energy require¬ 
ments of any country. Let us see 
how wood can be substituted for 
oil. 

Wood conversion possibilities to 
obtain energy 

Like oil, wood also needs to be 
burnt to generate power in some 
form or the other like heat, steam or 


mercially available (Robert, 

1968). 

Due to oil scarcity now, wood has 
started replacing it in the industries. 
Forest based industries such as wood 
pulp mills, saw mills and plywood 
plants can start installing furnaces 
which are designed to bum wood or 
wood waste or bark, to work a steam 
turbine or generator. When an indus¬ 
try has such a desirable combination 
of steam and electrical power de¬ 
mand, the relative efficiency of heat 
recovery from steam can be almost 
75 per cent compared with 38 per 
cent at a modem facility generating 
electricity. In 1972, 37 per cent of 
the energy requirement of the pulp 


S RAJENDRAN 


If trees are grown syste¬ 
matically and managed 
properly, they can provide 
bulk of energy required by 
men 


They have their own advantages 
and disadvantages. The possibilities of 
sabotage and accidents in nuclear 
power plants, with their high capital 
costs of installation and operation, 
nuclear power offers hardly a suita¬ 
ble option. Continuous use of coal 
and gas depletes their reserves and 
there is no continuous and guaranteed 
supply of coal to various thermal 
power stations. The cost of con¬ 
struction of dams across rivers for 
hydro-electric projects is prohibiti¬ 
vely high. Under such conditions, we 
can tap solar energy either directly 
for heating, cooling, refrigeration 



electricity. The following methods 
illustrate how wood can be converted 
into various energy forms to meet 
the energy demand. 

Direct combustion. This technique 
involves the burning of wood to 
produce steam or generate electricity 
and has been in use since long. For 
example, boilers using wood in place 
of oil or coal which generate as much 
as 320,000 kg per hour of steam at 
1250 psi and about 510X are com* 



and paper industry of America, was 
met through the combustion of bark 
and spent pulping liquors (J.B. Gran¬ 
tham, and T.H. Ellis, 1974). 

Retarded combustion. The wood 
is volatilized by retarded combus¬ 
tion to produce the producer gas 
which is a mixture of combustible 
and non-combustible gases. The 
calorific vaiite of this gas when 
produced from wood or charcoal 
is about 3b00 cals, per cubic m. In 


Sh. Rriendnn ii in Indian Forest Service at Indian Forent CoQege, Dchra Dun 248006. 


Europe, there is e great development 
of produoer gas equipment for cars, 
trucks and tractors and for 
stationary engines. In Great Britain, 
many stationary engines of varying 
power generating capacities as high 
as 500 h.p. are in operation using 
producer gas as the source of 
energy. 

Bichconversion, In this process 
wood is digested by anaerobic bac¬ 
teria to produce methane which 
has calorific value of 18900 cals per 
cu m more than that of producer 
gas. This technique is applicable 
for disposal of unwanted forest 
residues, especially, cellulosic pulp 
mill and paper mill wastes. There 
is a recent interest in the potential use 
of ediuiose as a source of fuel cither 
by direct combuston, gasification 
or bacterial conversion to methane. 
Innovative methods of intensive 
short duration silviculture are produ¬ 
cing exceptionally high yields of 
cellulose per acre and the techno¬ 
logy of conversion is greatly improved 
(C.L., Brown, 1976). 

Chemical conversion , Oil is used 
not only as fuel but also as a raw 
material in chemicals, synthetic 
fibers and many other related 
products. Wood can also be used 
for these purposes. New ideas have 
been developed to convert cellulose 
into chemical feed-stock for the 
plastic industry. It is well-known 
that cellulose is used for synthetic 
fibers. Recently, the U. S. Bureau of 
Mines designed a pilot plant for 
chemical reduction of wood chips, 
wood residue and barks to oil. 

)Vood power for automobiles . 
Producer gas and charcoal from 
wood can be used for automobiles. 
The former is now being largely 
used in motor cars and trucks as 
substitute for petrol or diesel in 
Germany.^ In using charcoal, there 
is less risk of fouling the engine and 
smater mileage. Briquetted char¬ 
coal gives approximately four times 

much fuel substance as is contained 


in the same volume of crude charcoal 
(J.H, Jenkins, 1936). 

Wood for electricity , Oil is being 
replaced by wood in the industries 
as well as in the thermal power 
stations to generate steam for sup¬ 
porting the generator. A boiler that 
generates as much as 320,000 kg 
of steam per hour at 1850 
psi and SIO^'C can support an elec¬ 
tricity generating capacity of about 
80 megawatts (J.E. Robert, 1968). 
On the assumptions of 3,5 x 10* 
cal/ton of air dried wood, a thermal- 
electric conversion of about 60 per 
cent operating efficiency requires 
about 6,200 tons of wood annually. 
Therefore, if all wood (6.5 billion 
tons available for'all wood purposes 
in the world) was used for electrical 
generation, maximum production 
from the world’s forests would 
amount to 1.0 x 10* Mwe (megawatt 
electric). The area of forests 
needed to provide wood for 
],(XK) megawatt electric plant would 
be between 900 sq km under the worst 
growing conditions and 161 sq km 
under the best. Provisions of wood 
fuelled electricity generating-stations 
in forested regions can provide a 
ready outlet for trees dead or diseased 
as a result of fungus or insect 
epidemics. 

Wood power for domestic uses . 
The increasing prices and scarcity 
of kerosene oil in the rural areas of 
most of the developing countries 
leave wood as the only alternative 
source for energy for domestic uses 
as wood is easily available to them. 
In the past five years, the long dor¬ 
mant wood stove industry has been 
brought to life by the oil crisis. 
People are finding that they can 
save money by putting a wood stove 
or furnace in their homes and then 
going out to the backyard for 
cutting down their own fuel. Several 
coal and oil burner manufacturers 
offer central heating systems that 
can operate on either wood on 
fossil fuel or both at the tame 
time. • 


Merits of wood 

Wood, as a substitute for oil, 
has the following plus points. 

1. Oil reserves arc fast depleting 
and arc non-rcnewablc sources of 
energy whereas the forests which 
provide wood arc renewable. 

2. Oil has to be transported from 
the well to the places of its use, but 
the plantations can in most cases be 
grown adjacent to the areas where 
fuel-wood will be used, thus reducing 
the need for long distance transport. 

3. Oil combustion creates the 
problem of sulphur removal, where¬ 
as wood combustion does not involve 
disposal problems. 

4. Ash from wood combustion 
is usable as a manure and is rich 
in plant nutrients. 

5. Oil spills during transit in 
seas kill the marine fauna and 
foul the entire region. As a result, 
fishing industry is greatly afifected. 
Wood transport docs not create 
such problems. 

6. Drilling for oil exposes the soil 
to erosion but growing of trees not 
only safeguards the soil against 
erosion but also provides adequate 
quantities of clean water and pure 
air which is vital for man’s survival 
on this.planet. 

Conclusion 

Many countries, not well endowed 
with fossil fuels, have little choice 
but turn to wood as a substitute for 
oil. Substituting wood for oil has 
not received the attention of inves-^ 
tigators, obviously due to the 
free availability of oil till recently. 
At present, forests are being maintain¬ 
ed or raised mainly for timber rather 
than for fuel-wood for which large- 
scale plantations of fast growing 
fuel-wood species are needed. 
The raising of treea. requires much 
less capital investment than instal¬ 
ling photovoltaic and phototbermal 
gadgets to tap aolar energy for use. 
(Photovoltaic cells convert light into 
(f^ontinued an page SOtt) 
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TF elementary particles are the tuiv- 
^ damental building blocks of nature, 
the present day understanding of 
physical phenomena indicates that 
some “elementary particles” arc not 
“elementary” at all. Others arc not 
“particles”, at least not in the usual 
sense of the word. The familiar proton, 
neutron, pi-meson and a host of other 
such particles, collectively called 
“hadrons”, are certainly “panicles”, 
but they are not “elementary”. They 
behave, as if they arc composed of 
entities called quarks which arc proba¬ 
bly “elementary” though not really 
“paiticlcs” in the sense that they are 


Four kiudf of iuteractlona 

Physicists recognize four kinds of 
basic intcraaions in nature. These are 
in decreasing order of their strength : 

(i) strong interaaion, which is 
responsible for binding protons and 
neutrons together inside the nucleus 
of an atom; 

(ii) electromagnetic interaction, 
which holds an electron around the 
nucleus in an atom; 

(iii) weak interaaion, which 
manifests itself in the process of 
radioactive decay of some nuclei; 
and iastiy> 


it. Both Ipptons and hadrems, however, 
can take part in weak and electromag¬ 
netic imeraaioQs (only dectricahy 
charged particles take pan in elearo- 
magnetic interaction). 

There is, a lone particle 
called *photon’, a class by itself, which 
though itself does not carry electric 
charge, is the essential mediator of all 
electromagnetic intcraaions between 
charged panicles. Another important 

PIJUSHPANI 
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tjot observed as free isolated objects In 
nature. This kind of an illusory parurc 
ot the modern day ph 5 rsics of elemen¬ 
tary particles is, indeed, a crisis that 
physicists arc faced with. And it is 
these “Iiadrons” - the protagonists 
behind this crisis, which appropriately, 
will be the subject of our present 
discussion. 

“Hadrons” arc one of the t w^o broad 
categories into which the whole 
spectrum of elementary particles is 
divided, the other category being 
“leptons”, which, as far as we know, 
arc both “elementary” and at the same 
time ‘'particles”. 


(tv) gravitational interaction, 
which is responsible for keeping the 
planets in orbits around the sun. 

Gravitational interaction, being 
too w^eak in the realm of elementary 
particles, is insignificant and is gene^ 
rally not considered in studying physics 
of elementary particles. Among the 
other three intcraaions, strong mterac- 
tion is impnnant in the sense that it 
serves as the basic criterion for classi¬ 
fying the demcatary particles into 
“hadrons” and “leptons”. Leptons arc 
conspicuous by their complete insensi- 
tiveness towards strong interaaion, 
while hadrons vigorously take part in 


fact that places the hadrons in sharp 
contrast to the leptons is that hadrons 
far outnumber leptons which arc 
strikingly lixnited in number. Starting 
with the familiar neutron, proton and 
pi-meson, there are now more than 
hundred hadrons known, including 
many highly unstable resonance pani¬ 
cles with extremely short life times 
(ro"“scc), whereas, until 1975 , leptons 
seemxi to be content with only four 
known panicles, viz., elearon (e )> 
muon clcarott-ncutrino (v^) 

and muon-neutrino ). It is this 
large population explosion in the 
hadion family that led physicists to 


S Sh. Bhatfiichariee and Hasan arc research scholars in the Daptt. of Physics and Astrophysics, University of Delhi> Delhi 110007 



considei the hadrons as not elemen¬ 
tary but as made up of further truly 
elementary constituents called quarks. 
Before embarking on the quark model 
of hadrons a discussion on a very 
important guiding principle in physics 
of elementary particles is essen¬ 
tial 


physicists Enrico Fermi and S,N* 
Bose, respectively, who first studied 
the behaviour of these particles. 
Fermions, such as neutron (n), proton 
(p), Om^a (a), etc., among the 
hadrons, arc called ‘baryoas*. They 
all carry a ‘baryon’ quantum number of 
value +1 while the ‘bosons' such as pion 


present in its decay product. In fact, 
this observation has been raised to 
the status of' a conservation law which 
states that baryon quantum number 
must be conserved in all interactions 
invohing baryons. So, a neutron can 
decay into a proton as: 

n -> p -f c" + ^ ( ve the anti-electron 

ncutrmo), 

Baryon No. 11 0 0 

where the proton in the decay product 
conserves the baryon quantum num¬ 
ber of the neutron. The conservation 
law does not allow a proton, the lightest 


Hadrons are certainly *<particles” but they are not *‘ele- 
mentary”. They behave as if they are composed of entities, 
called quarks, which are probably “elementary** though 
not really “particles** 



Principle of qua^itum number 

All the imponaixi properties of a 
particle other than us mass can be 
uniquely specified with the help of a 
set of discrete numbers called ‘Quan¬ 
tum Numbers’. Hleciric charge, spin- 
angular momentum and ‘baryon 
number’ arc some of the typical quan¬ 
tum numbers for a particle. Electric 
charge, in general, can be positive (or 
negative) integer or zero. Each parti¬ 
cle also has a definite spin quantum 
number either half of integers (i.e., i, 2 
or 3/2 or 5/2,.. etc./) or integers (i.e., 
0 or I or 2 ... etc.). The former 
t5rpes cf particles are called ‘fermions’ 
and latter 'bosons’, after the famous 


(tt), kaon (K), rho (p), etc., arc called 
^mesons’, all of which carry zero baryon 
number. Note that all leptons arc also 
fermions while photon having spin 
quantum number r is a boson. It is to 
be pointed out here that corresponding 
to each'particle’ there is an ‘anti-pani¬ 
cle’ having the same mass and spin 
quantum number as that of the parti¬ 
cle with all other quantum numbers 
reversed in sign. 

The concept of quantum numbers 
is the direct consequence of the 
conservation laws of physics by which 
certain properties of the particles 
remain unchanged during an interac¬ 
tion. So it is noticed that a heavy 
baryon has another lighter ^baryon 


among the baryons, to decay because 
there arc no lighter baryons available 
to which it might decay. This kind of 
conservation laws which prohibit 
certain kinds of oiherwi.se valid physi¬ 
cal processes from occurnitg in nature 
also led to t wo other quantum numbers, 
called “strangeness’' and “chariu”. 
It is found that K-mesons are never 
produced singly, whereas the joint 
production of a K-meson and its 
anti-particle, a phenomenon called 
‘associate production of strange pani¬ 
cles’, docs occur in nature. 

The production of K-mesons not 
in singles can be explained by intro¬ 
ducing a new quantum number for 
the K-mesoas. This quantum number. 
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pion(n*) koon(K*) psi(Y) 


Fig. 1. Som« of the well-knowii hadrons with their particular quark constituents 

called '^strangeness*', is arbitrarily weak 

given the valuc4 i for and K"" and -► fjT vj* 

“ 1 for their respective antiparticlcs, strangeness i 0 0 0 

K“ and * The associate production, 

example, in the following type of If we count the strangeness quantum 
strong interaction reaction number on both sides of this decay 

process, wc sec that “strangeness" 
n+p->KM k is not conserved in weak intciaaion. 

This is an example of one of the con- 
strangeness 00 -- 1 f ( i) servation laws, which, though are 

can be explained by postulating a strictly obeyed in strong and elcctro- 
*law of conservation of strangeness’, magnetic interaaions, are violated in 
Here in order that total “strangeness" weak interaction. In faa, it has now 
is zero, only a pair (or pairs) of kaons become a general principle in physics; 
can be allowed to be produced with the the weaker the interaction becomes, 
members in a pair having opposite value the more number of conservation laws 
of strangeness quantum number, it violates. To understand the imroduc- 
Strangely, K-mesohs have exception- tion of yet another quantum number 
ally long life time (about sec.) called “charm", knowledge of the 

compared to other massive hadrons quaik model of hadrons is essential 
which decay to lighter particles via because the “charm" idea was origi- 
strong interaction (characteristic life nally introduced ih the form what is 
time about to”*® sec.). Though produced now called a “charmed quark", 
via strong interaction, K-mesons have 
long life lime because they decay only Quark model 
through weak interaction. In a sense 

the interaction is called “weak" because In its original version, the quark 


hadrons are composite sutes of three 
'truly’ fundamental spin 1/2 constituent 
called 'quarks’. They were labelled 
‘u’ ftit ‘up’, ‘d’ for 'down* and ‘s’ 
for ‘strangeness’. The ‘up’ and ‘down’ 
refer to another quantum number 
called 'isotopic spin’, which, inspite 
of its name, has nothing to do with the 
spin of a particle It is, in fact, related 
to and manifested as the elearic 
charge of a hadron. 

What turned out to be most 
unusual thing about quarks was the 
electric charge assigned to them. 
The ‘u’ quark has charge + 2/3 and the 
‘d’ and ‘s’ quarks have charge — 1 / 3 . 
The baryon numbers of the quarks are 
also fractional, 1/3 for each quark. 
‘Strangeness’, on the other hand, 
remains an integer (Table i). 

^ The corresponding anti-quarks desig¬ 
nated by u, d and s have their electric 
charges, baryon numbers and stran¬ 
genesses reversed in sign. In this 
three-quark scheme mesons are built 
up from all possible combination of 
a quark and an anti-quark while 
baryons arc constructed from com¬ 
bination of three quarks (antibaryons 
arc constructed from combination of 
three ami-quarks). The quantum 
numbers of the hadrons are obtained 
from those of the constituent quarks 
by addition. For example, u and d 
quarks give the positively charged pi- 
meson (tt*) If! rhf‘ following way: 

u d w'*’ 

Electric charge 2/3 4- 1/3 — i 
Baryon number 1/3 i/3)=0 

Strangeness 0 1 0 =0 

Similarly, the proton is made up of 
two ‘u* quarks and one ‘d’ quark. The 
quark contents of a few well-known 
hadrons are given in Fig. i for cmi- 
ceptual visualization. 

In the early part of the 1970 s 


it takes longer time to act. However, 
as K-mesons are the lightest among all 
the strange paxticles, which include 
many strange baryons as well, the 
lightest K-meson can decay only to 
non-Strange hadrons : 


model which was proposed inde¬ 
pendently by two U.S. theoretical 
physicists, Muiiay Gell-Mann and 
George Zweig in 1963 , deprived the 
existing hadrons of their status of being 
elementary by proposing that all 


physicists began thinking of extending 
the original ‘three-quark model’ of 
Gell-Mann and Zweig to a ‘four-quark’ 
one by bringing in a new principle 
called ‘lepton-hadron symmetry’. 
According to the principle four 
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Table i. Quantum numbers of quarks 


Quark flavours 

spin 

O) 

Electric 

charge 

(Q) 

Baryon 

number 

(B) 

Strange- 

ness 

W 

Chaim 

(c) 

u (up) 

1/2 

+2/3 

1/3 

0 

0 

d(down) 

1/2 

-1/3 

1/3 

0 

0 

s (strange) 

1/2 

—1/3 

1/3 

— 1 

0 

c (charmed) 

1/2 

+2/3 

1/3 

0 

+1 


(rather than three) fundamental quarks 
of the hadronic world would match well 
with the four known leptons in a theory 
which would unify these two major 
worlds of elementary particles. 
Subsequently, it was theoietically but 
subtlely demonstrated that a fourth 
quark called 'charm’ (c) would explain 
the non-existence of a certain kind of 
weak interaction involving hadrons. 

The idea of the ‘c’ quark which is 
assigned an electric charge 4 * 2 / 3 , 
baryon number 4 - 1/3 and 'charm* 
quantum number equal to 4-1 (anti- 
charm (c) quark having the quantum 
numbers reversed in sign) met with 
success in 1974 with the discovery of 
the (psij or J-particle (as it was 
called by two separate groups who 
independently discovered it), which 
was immediately recognized as a new 
meson made of a charm quark (c) and 
an anti-charm (c) quark making the 
ncx ‘charm’ of equal to zero. How¬ 
ever, the existence of a whole spectrum 
of new hadrons overtly carrying a 
non-zero ‘charm’ value (e.g., when 
c (c) combines with any of u, d, s 
fu, d, s) as described earlier) is not at 
all ruled out. The eagerly awaited 
discovery of these particles will cert¬ 
ainly give additional support to this 
already accej^ted quark picture of 
hadrons. 

C'olour 

The quark model, though extrem¬ 
ely successful in describing the existing 
hadrons, runs into a serious difficulty 
if probed deeper. Quarks^ we recall, 
are fermions (.spin 1 / 2 ) and so arc 
expected lo satisfy the well-known 


Pauli’s Exclusion Principle which, 
in the present case, states that no two 
quarks having all their quantum 
numbers same can make a hadron. 
However, in at least three baryons, 
(uuu),^" (ddd) and (sss), at 
least two constituent quarks have all 
theii quantum-numbers same, which 
apparently violates Pauli’s principle. The 
contradiction is removed by proposing 
a new quantum number for the 
quarks, called ‘colour*. The four 
quarks—‘u’, ‘d’, ‘s* and ‘c*—are called 
the four ‘flavours’ of quarks, each 
‘flavour’ now in three possible ‘colours’. 
So the number of quarks is three times 
the number of quark ‘flavours’. 

The ‘colours’ for a quark arc 
conventionally taken as the three 
primary colours, viz., red (r), blue 
(b) and green (g). So the ‘colours’ of 
the three ‘u’ quarks in/^*^"^, for exam¬ 
ple, are postulated to be all different 
even though the other conventional 
quantum numbers for them are the 



(c) 


same. The Pauli’s principle is therefore 
resurrected. But, now, we have an 
additional postulate which says that 
the colours of the constituent quarks 
must be so chosen that a physical 
meson or a baryon should have ‘no 
net colour*, i.e„ they must be ‘colour 
less’* It must be noted that in the above 
discussion ‘colour* has nothing to do 
with the physical colour i^t we 
observe in nature; it only helps us 
visualize an abstract concept. 

Inspire of sporadic reports by 
groups of experimenters who claim 
the discovery of a free, isolated quark, 
no sufficient experimental evidence 
exists. Some theoretical physicists 
bdierve that quarks will never be 
observed. They have even been 
partly successful in developing a theory 
in which the interactions between the 
quarks are permanently confined 
within the hadrons. Any attempt at 
separating, for example, a quark and 
an antiquark inside a meson results in 
production of a new quark- 
antiquark pair (a meson). The process 
is similar to breaking a bar magnet, 
which produces a new dipole rather 
than separate the original north and 
south poles. This phenomenon for 
quarks is illustrated in Fig. 2 , which 
comes within the framework of a 
recently developed theory called 
‘Quantum Chromodynamics’ which 
has been developed along the 



(d) 



U) 


Fig. 2 . The energy spent in trying to force npnrt (h) n gnnrk-antiqiierk pnir in a meMia 
(a) goes Into crenting n new qnnrk-nntiqpinrk pnhr (c) which oltiMnlely 10 

two se pn mt e mesons (d, e) 
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Fl*j. 3. Schemutlc diagram jchowing: (a) electromagnetic Interaction between two electrons 
where a virtual photon is emitted and reabsorbed; (b) strong interaction between 
two coloured quarks mediated by the exchange of a virtual gluon which may itself 
be ‘coloured’ thereby giving (c), gluon*gtuon strong interactions via the exchange 
of another gluon 


lin< of the theory of quantum elcc- 
crc^dynaiiiics. The latter describes the 
electromagnetic interaction among the 
electrically charged particles. 

In quantum electrodynamics, the 
force between two clec'tiically charged 
particles is mediated by the exchange 
of a virtual photon which, by itself, 
is chargeless and massless. In the 
case ot' quantum chromodynamics, 
however, the force between the 
‘coloured' quarks is mediated by 
particles called ‘gluons' which like 
photons are also massless, spin i 
particles. It may be observed that 
^colour’ in quantum chromodynamics 
takes the role of ‘electric charge' in 
quantum electrodynamics. In quantum 
electrodynamics, the photon being 
electrically neutral is only a carrier 
and not a generator of electromagnetic 
held. But in quantum chromodyna¬ 
mics, in addition to the ‘coloured’ 
quarks, ‘coloured’ gluons, which are 
the carriers as well as the genera¬ 
tors of ‘colour field*, are also present. 
So in quantum chromodynamics we 
have gluon-gluon interaciion (Fig. 3 ) 
in addition to the usual quark-quark 
interaaions. This novel feature of 
quantum chromodynamic leads to 
an interesting consequence. 

The attractive force between two 


quarks seems to decrease as the 
distance between the quarks decreases 
and finally vanishes asymptotically 
at zero separation. This is exactly 
opposite to what is observed in quan¬ 
tum electrodynamics where the 
electromagnetic force between two 
charged particles decreases (approxi¬ 
mately as the inverse of the square 
of the separation) as the separation 
between the particles increases. So, 
according to quantum chromodyna¬ 
mics, at very shon distances the 
quarks should essentially behave as 
free particles (i.c., as if not inter¬ 
acting with each other), a behaviour 
called ‘asymptotic freedom*. This has 
also been observed in the high energy 
collision of electrons with protons. In 
such collisions electrons get scattered 
at large angles as if scattered by free 
point-like objects (quarks) inside the 
proton, in much the same way as 
Rutherford’s famous alpha-ray scatter¬ 
ing experiment revealed the existence 
of a central nucleus inside an atom. 

The long distance behaviour, on 
the other hand, shows the opposite 
trend. The attractive force between 
the quarks grows stronger as the 
distance separating them increases and 
ultimately it becomes impossible to 
sq^arate the two quarks. This is called 


‘Infrared slavery' which in a way leads 
to permanent oonfioemeait of quarks 
inside hadrons. At present, this is the 
most widely accepted theory that 
explains the non-existence of an 
isolated quark. 

♦Truth’ and ♦beauty’ 

All that has been said regarding 
the hadrons does not mean that it is 
all quiet on the leptonic front. In 
addition to the well-known four lep¬ 
tons, a new lepton called ‘tau’ (t) 
was discovered in 1975 . It is also 
thought to be associated with its own 
neutrino, increasing the total number 
of leptons up to six. This, in turn, 
leads those physicists, who believe in 
a quark-lepton symmetry, to extend 
the four-quark theory to a si7:-quark 
theory by hypothesizing two new 
quark flavours called “truth” or “top” 
(t) and “beauty” or “bottom” (b). 
Indeed, another new particle called 
“Upsilon” was repoitcd in the 1978 
International Conference on High 
Energy Physics held in Tokyo. The 
Upsilon is supposed to be a bound state 
of a bottom quark and an anti-bottom 
quark (bb) just as particle is a 
bound state of a c and a t quark. 

Conclusion 

While experimenters are busy 
discovering new particles, a section of 
theoretical physicists has turned its 
attention towards realizing Albert 
Einstein’s dream of unifying all inter¬ 
actions of nature in one single theory. 
Recently conjectured ‘Grand unifled 
theory’ of strong, electromagnetic and 
weak interaaions is a pointer to that 
direaion. In this theory, all three 
interaaion strengths become equal 
at extremely short distances (or, 
equivalently, at extremely high energy 
10 ^* Gcv). At such a staggeringly 
high energy, leptons and quarks are 
viewed to behave essentially alike and 
the apparent distinaiveness in their 
behaviour is due to the fact thai 
physicists have not yet been able to 
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explore such a high energy- A novel 
prediction of such a grand unified 
model is that baryon number is not 
really conserved; so the proton may 
actually decay (!) notwithstanding the 
earlier discussion on strict conserva¬ 
tion of baryon number in baryon decay. 
The proton, which is known to have 
a half-life of the order of lo*® years, 
is being subjected to extremely subtle 
experiments to discover such an 


instability. The final unification of 
gravitational interaaionj with the other 
three, which till now remains unachiev¬ 
ed, will only lend an aesthetic comple¬ 
teness to this “strange”, yet “charming” 
and “colourful” world of elementary' 
particles. 

Further reading 
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3. Marciano, W. and Pagols, H. : 
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WOOD AS SUBSTITUTE FOR OIL {Continued from page 299) 


direct current like that produced by 
batteries and with the aid of a power 
conditioner, it is even possible to 
convert direct current (DC) into 
alternating current (AC). 

Now, that the price of 
crude oil has gone up by a 
substantial amount, to avoid the 
oil squeeze or pctropinch further it 
is right time to find a substitute for 
oil. Wood js with us in plenty and 
technology for its conversion into 


energy is proven. So why should 
not we switch over to wood? 

Further reading 

1, Brown, C.L. (1976), Forests as 
energy sources in the year 2()()0; 
What Man can imagine, Man can 
do, /. For,, 74: 7-12. 

2. Burgess, R.L. (J978), Potentials 
of forest fuels for producing 
electrical energy, J, For., 70: 


154-157. 

3. Grantham, J.B. Sc Ellis, T.H. 
(1974), Potentials of wood for 
producing energy, J. For.. 72: 
552-556. 

4. Jenkins, J.H. and Guerury, P W. 
(1936), Wood and charcoal as 
motor fuel, Forest Services Cir¬ 
cular, 47, Department-of Mines 
and Resources, Canada. 

5 . Robert, J.E.(I968), Combustion, 
pp. 17-19. 


IMPORTANT 

i 

I CHANGE OF ADDRESS 

I 

It takes at least 6 weeks to effect change of address. Kindly 
make your own arrangement to collect your copy from your 
old address during this period. Please quote subscriber 
number in all correspondence. 


1980 


305 


SCIENCE REPORTER 



T^ACHINING, the method for the 
removal of a material from a metal 
workpiece (to be machined into a 
particular shape) by the use of a 
tool piece, is an important process 
in industry. It gives more precision 
for a desired design, shape and 
finish of workpiece and more econo¬ 
mically than that obtained manually. 
In recent years, with the rapid increase 
in the use of tough, hardened metals 
diflicuit-to-machine alloys for in¬ 
dustrial development, much attention 
has been paid to devise new, more 


the hardness of workpiece increases, 
the problem of finding suitable and 
sufficiently hardened material for 
tool piece becomes more difficult. 
Consequently, the machining of 
workpiece made of high strength 
alloy becomes cumbersome and 
inconvenient. Grinding techniques, 
which rely on moving abrasive tools,, 
can sometimes be employed. But 
they arc slow and the range of shapes 
that can be fashioned with them is 
limited. 

The conventional machining 


which are otherwise difficult or even 
impossible to be machined by 
conventional methods. 

There are mainly two types of 
electro-machining techniques which 
employ electricity for the operation. 
These include the spark erosion or 
electrical discharge machining 
(EDM) based on spark discharge 
effect, and the electrochemical 
machining (ECM) which makes use 
of controlled corrosion or anodic 
dissolution process in electrolysis. 
The operation of EDM (sec S.R., 



DYIUWG ElHmCHENICIil 
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tiliLKiu ami ccononucul metal 

I Ik* coinL Ulioual methods for 
HKK hinmg, e [* . flirnirig, shaping, 
('1. iiing ficpanning, milling, drill- 
in )* hioachmg, etc., have success- 
u*l!\ iKcn uscvl in the pasl lor sim- 
pU |ohs IIksc convcniional chip 
uchnupics rely on the use of a 
tnachining loot v^hich is much 
hauler lhan the vsoikpiecc Bui the 
toi'l In suh|cclcd In pioccss-indnced 
>iUNs I ml wealing st^ tliji one has 
In V h.tni'f Ihe lool qmit nfkn As 


methods are unsiisrahk. for cutting 
minute shapes, csj «.v.ia!l> in v*\cecd 
ingly hardened ii'alnial T lie work 
can be done by hand using hand 
tools (as in die making) bin 
It requires more nine besides 
great skill and labour for 
complicated contt>urs and shape 
design A new, prcmiising and 
unconventional type of metal 
removal technique Tor such applica 
tions IS ilie < Icctroehcmical machiin 
ing ir('M) It i> suitable for 
shaping exiremeh hard materials 


B. K. SHARMA 


ECM offers a unique me¬ 
thod for cutting minute 
shapes in hard materials 
that cannot be shaped by 
conventional machining 


March 1978) involves high frequency 
electric spark discharge between a 
sofi metal tool and the workpiece 
(to be machined) through a dielectric 
liquid (mineral oil, low viscosity oil 
kerosene oil, etc,). The rate of machir- 
ing is maintained uniform by con¬ 
trolling electronically the gap distance 
between the electrodes. The cutting 
u i \ which has no electrical contact 
with the workpiece, can be made 
ol ii soft, easily worked materia* 
such as brass. Machining operations 
that can be easily accomplished b> 
this method include drilling lor 
making holes ol almosi any shap^ 
and of any cross-section using hra^'' 
electrode, forming i>l cavioc^ n> 


K .n. Ik^ j'hs N 


*»l t-ilu» :s*KMi, HhliUau N\v.n '/5IO<»7 





f iK. 1. Electrolytic cell; A. Anode: B. Battery; C\ Cathode 


dies, tapping, grinding, etc. But 
EDM is not popular as it is slow 
Also, shapes ot only limited sizes 
can be machined by this technique. 

Electrocheniical machining 

The concept of electrochemical 
machining was set forth in a British 
patent as long ago as 1929. However, 
ts use in practice is relatively new. 
The fundamental basis of the 
presently known ECM process—a 
combination ofchemicaland mechani*^ 
cal means was laid by T.M. Gussev 
(Russian) and C.F. Burgess (Ameri¬ 
can) in the early J940s. Since then 
the technique has gained rapid 
appreciation as a versatile process 
of stress-free machining of various 
kinds of metals, hard materials and 
super-alloys. It is especially useful 
when complicated contours which 
arc costly and beyond the scope ot 
conventional machining processes 
arc to be generated or when several 
conventional machining operations 
are to be accomplished in a single 
stage operation. 

How ECM process works 

The ECM process employs electri¬ 
city to produce chcmcial changes 
occurring in an electrolytic cell (Fig. 1) 
The electrolytic cell contains a suit¬ 
able electrolyte (fused salts or aque¬ 
ous solutions of acids, bases and 
salts) between the anode /I (work- 
piece being machined) and thg suit¬ 
ably shaped cathode C (shaping 
tool). These electrodes are connected 
to a source B of direct current in 
an external circuit. Usually the pro¬ 
cess is a low-voltage and high-current- 
density system. As current passes 
through the electrolyte between the 
electrodes, the metal is removed 
atom-by-atom from the anodic 
'Workpiece in a pattern established by 
the shape of the cathodic tool. Thus, 
a true replica of the tool can be made 
on the workpiece without any physi¬ 
ol contact between the two. This 

may 19i0 


is achieved by the controlled anodic 
dissolution of the workpiece by 
electrochemical reaction occurring in 
the electrolytic cell. 

The metal removal rate is gover¬ 
ned by the well-known Faraday’s 
laws of electrolysis. The current that 
moves through the external circuit 
is carried by electrons, and that 
passing through the electrolyte by 
ions (electrically charged atoms mole¬ 
cules or molecular aggregates that 
have acquired a positive or negative 
charge by losing or gaming electrons). 
The anodic workpiece A carries 
electrons from the electrolyte into 
the external circuit while cathodic 
tool piece C moves electrons into 
the electrolyte (Fig.l). The chemical 
changes mainly occur at the electrode 
surfaces and ate caused by the 
transfer of electrons between the 
electrodes and the ions. 

The ECM process is similar to 
the electroplating process but differs 
in two respects. The latter utilizes 
cathodic deposition process whereas 


the former is based on anodic dis¬ 
solution process. 

The development of ECM as 
an industrial process has been 
slow due to lack of proper under¬ 
standing of the anodic dissolution 
process under high current density 
at different operating conditions. 
To achieve good control on the design 
of the tool that would eventually 
produce desired shape of the machined 
workpiece, a detailed knowledge of 
the performance of the electrolyte 
is required. This is necessary for 
determining the optimum tool feed 
rate to maintain a constant gap 
between the workpiece and the tool. 
High current density and a suitable 
electrolyte of high electrical conducti¬ 
vity are necessary for increased 
productivity. 

Fictora afTectkig ECM operaHoii 

The. operation of ECM is in¬ 
fluenced by several factors. For 
better operation and economically 
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Fig. 2. Cuireiit distribution with different cathode shapes of an electrolytic cell; A. Anode; C. Cathode 


high mctiil removal rates ( 0.003 
cm S'*). RC'M is carried out uader 
conditions of high flow rates of 
electrolyte (v.o40-100 ml s'*), high 
anodic current density po35-l 80 A 
and conti oiled operating vol¬ 
tage ( '■’‘5-15 V). The gap distance 
between the electrodes (anodic 
workpiece and cathodic tool) is 
maintained within 0.(K>5 cm to 
0.1 cm depending upon the finish 
of the machined surface, size 
and shape of the electrode and the 
nature of clcclroh te. The machining 
time may vary from lOsec. to 1 min. 
or even more depending upon the 
si/c, shape and finish required. 

As the RCM process progresses, 
the gtip between the anodic work¬ 
piece and catliodic tool varies from 
point to point w ith respect to time. 
The current density distribution 



1 


Fig. 3. AW. Anodic 


within this gap between the electrodes 
depends on their geometrical shape, 
distance from the electrolytic cell 
walls, nature of the electrolyte and 
the electric field strength. As the 
electric field strength at projected 
points of the cathode is inversely 
proportional to their diameter, the 
projected cathode areas always have 
a high current density than recessed 
areas. Further, the distance 
between the electrodes becomes 
smaller as the ratio of electrode 
diameter to the cell diameter is redu¬ 
ced. Consequently, maximum cur¬ 
rent density is obtained at the point 
where »he anode-cathode separation 
is the least. Schematic representa¬ 
tion of current distribution betweer 
the electrodes of ditVerent shapes is 
illustrated in Figs. 2a-2d. Uniform 
current distribution with parallel 





; CT. CatiMdlc toolpicce 


electric field lines between the electro¬ 
des is obtained with a rectangular 
cell in which the electrodes com¬ 
pletely cover the facing cell walls 
(Fig. 2a). When the electrodes are 
parallel hut do not cover the cell 
walls completely (Fig. 2b), a distor¬ 
tion in the current lines takes place 
and the current density increases 
from centre towards the edges. 
Distribution of currents for other 
cathode shapes is shown in Figs. 2c 
and 2d. 

FCM of hardened metals with com¬ 
plex shapes 

To machine a hardened metal 
workpiece sample (anode) having 
complicated contours and shape 
(Fig. 3a), a tool (cathode) of com¬ 
plementary shape (Fig. 3b) is 
required. The current density and 
henc^ the surface dissolution of 
workpiece is maximum across pro¬ 
jected points A, C, E that are nearer 
to points A', C', of the tool piece 
(Fig. 4). However, it is minimum 
across points B, D where gap is 
more. After sometime, the workpiece 
sample acquires the desired shape 
corresponding to that of Fig. 3a and 
the current density becomes uni¬ 
form at all the points of the work- 
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Fig. 4. Formation of contoors In machined workpiece; CT.-Cathodic toelpiece; AW.-Anodic 
workpiece 


piece. At this stage, however, the 
surface of machined workpiece is 
rough. To have the desired fineness 
and finish of the surface, the machin¬ 
ing process is continued for more 
time. 

As the ECM process continues, 
metal is removed from the anodic 
workpiece, widening the separation 
gap between the electrodes. This 
reduces the effective anode potential 
due to potential drop and therefore 
the current density over the surface 


of workpiece is reduced. Also, this 
adversely affects the machining opera¬ 
tions rate. In order to compensate 
for these changes, the gap between 
the tool and the workpiece must be 
maintained constant throughout the 
machining process by a mechanically 
driven feed system. For this purpose, 
the tool is fed and moved towards 
the stationary workpiece by means 
of a suitable feedback circuit. 

Due to high current density, the 
ECM operation is always accom¬ 


panied by a temperature rise, al¬ 
though confined to microscopic 
regions of the surface of workpiece. 
However, this causes no significant 
damage to the workpiece. To remove 
this extra heat, the electrolyte is 
transported through and circulated 
rapidly in the gap between the 
electrodes by means of a pump. 
A filtering device removes the metal 
sludge in the electrolyte, making its 
composition uniform and homogen¬ 
eous throughout the ECM operation. 
Continuous circulation of the electro¬ 
lyte between the electrodes serves 
two purposes. U serves as a stirrer 
to make the electrolyte homogeneous 
and also as a coolant to remove 
extra heat produced during the 
machining process. 

ECM of iron 

For machining harder materiaLs 
such as iron, nickel or steel alloys 
by ECM, a suitably shaped copper 
tool serves as the cathode and the 
workpiece (iron plate) as the anode. 
Any complicated contour can be 
produced on the work surface by 
suitably designing the tool. Generally, 
the gap between the electrodes 
(anodic workpiece .and cathodic 
tool) is taken as 0.05 cm, although 
it may typically range from 0.005cm 
to 0.03 cm. The current density 
may typically range from 35 to 65 
A cm *. The electrolyte is usually 
a neutral salt solution such as sodium 
chloride, sodium nitrate, sodium 
chlorate. For clcctromachining of 
Ni, Fc or Ni-Cr alloys, exc'cllent 
dimensional control and surface 
finish of a desired cutting geometry 
is possible only with sodium chlorate. 
With sodium chloride 4 s electrolyte, 
undesired (stray, non-uniform) cut¬ 
ting occurs which eventually produces 
complete lack of dimensional con¬ 
trol. Similarly, dimensional control 
using sodium nitrate or acids as 
electrolyte has been found unsalis- 
facUiry. For machining ferrous metals 
and hardened Ni-Cr-Mecl alloys. 



Mg. 5. Schemutic Utu&tmfioii of ECM assemMy; I. Inlet; O. outlet; CT Cntbodic fool- 
piece (hollow tube); AW-AnodIc workpiece; FRCC-Feed rate control circulf; 
C'PM-Cmlrifiopil pomp end motor; SR->SoliiUoo reservoir; SC-SoIntkNi concentre- 

n»r; PI'-Koriller (lllter): EC-Rlectrolyfe collector 
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Fig. 6. l.esHl nereis with fhallow threads 


sodium eholratc is a superior elec¬ 
trolyte. Metal removal rates as high 
as 0.003 cm ^ at working current 
density of 62 A cm“^ have been 
achieved by applying potential of 
8V between the electrodes. Under 
these conditions final finish of 
machined surface measured from 
0,002 to 0.125 microns (1 micron — 
10 * cm) in a machining lime of 
I min. 

Since chlorate" and nitrates are 
generally potential Hre hazards, 
sodium chloride is used as a base 
solution Addition of sodium chloride 
with st>dium chlorate also increases 
ihc dissolution of iron. 



Fcg. 7. Shalloiw and amooth oil pads of 
hydrostatic bearing 


Applications 

ECM is a highly efficient and 
versatile process so that a considera¬ 
ble variety of machining operations 
can be accomplished. It can be 
employed for cutting threads in a 
steel shaft (Fig.6), machining vf gears 
turbine blades (Fig. • etching 
a grove in a metal panel by jet etching 
assembly eUr. The rate at 

which metal is removed is not affec¬ 
ted by the hardness of the workpiece. 
The process is applicable to any 
conducting material irrespective of 
its hardness, strength, chemical com¬ 
position and microstructurc. It is 
especially suited for machining hard 
materials such as tungsten, cemen¬ 
ted carbides, mchronie (Ni-Cr-steel) 
alloy, hard non-ferrous alloys, super- 
allo\s and steels. The process is 
attaining world-wide applications 
especially in industries such as 
nuclear power generation, aircraft 
and aerospace industries in which 
high-strength - temperature - resistant 
(HSTR) alloys are used. 

As the workpiece and tool are 
never in physical contact with each 
other the distortion and wearing of 
the tool In ECM is minimum. So, 
one tot)l can be used much longer than 
in conventional methods. Any 
complicated shape or contours with 
high degree of surface finish can be 
obtained with a properly designed 
tool (cathode). Highly complicated 


profiles and cavities can be machined 
quickly in fully hardened metal 
blocks by a single step operation of 
the ECM process known as ‘die’ 
or ‘cavity sinking’. Also, it is possible 
to shape soft and brittle metals which 
are unsuitable for machining by 
conventional methods. 

There arc certain limitations of 
the ECM operation. When a metal 
is cut mechanically, its surface tends 
to be smeared out to a certain extent 
so that undesired compressive stresses 
are induced in the process. But the 
surface work hardening or induced 



Fig. 8. Integrally-bladed turbine 

stress tends to improve the fatigue 
lives (tolerance to cyclic compressive 
stresses) of components. In ECM, 
metal is removed atom by atom and 
so it is not subjected to such stresses. 
In certain electrolytes the surface 
fatigue properties of some materials 
may be altered by chemical attack 
at grain boundaries of the tiny 
individual crystals of the metal. 

The ECM technique cannot be 
used for machining large areas as it 
involves high electrical energy 
consumption which is about 150 
times that required for turning or 
milling steel. However, this high 
cost of energy is balanced by the 
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U.K. and Japan. In India, the Ctotral 
ElectroOimical Research Insti* 
tute (CECRI) at Karaikudi (Tamil 
Nadu), Jadavpur University, Calcutta. 
I.I.T.s at Madras and Delhi have 
also initiated research on ECM. 
However, no significant results have 
so far been reported. 
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ELLIPSOMETRY 


J 


A NEW TECHNIQUE 

IN 

SURFACE SCIENCE 


B C NAYAR 
ARTHUR W. ADAMSON 


Using the ellipsometric techniques, it is now possible to 
measure the exact thickness of a vacuuir deposited layer 
on a metal surfiice or that of an adsorbed on an 
adsorbent surface to a high degree of accuracy 


F or many years scientists have 
been interested in knowing the 
exact thickness of a vacuum deposi¬ 
ted layer on a metal surface or that 
of an adsorbed film on an adsorbent 
surface. Since the film thickness on 
these surfaces is extremely thin to 
the order of few Angstrom units, 
it was almost impossible till recently 
to measure it experimentally. How¬ 
ever, in the last few years a new techni¬ 
que called **cIlipsometry” has been 
so much developed that it is now 
possible to. measure experimentally 
the thickness of a film with an accur¬ 
acy of ±0.5 X . 

Priociple of ellipsometry 

Ordinary light consists of eiectric 
(E) and magnetic (H) vibrations 


taking place in all possible planes. 
For each E vibration the associated 
H vibration takes place in a plane 
at right angles to it. In plane polarized 
light the E vibrations arc confined 
to one plane called the plane of 
vibration, and hence the associated 
H vibrations arc also confined to 
one plane, called the plane of polari¬ 
zation. A plane polarized light can 
be circularly polarized in which the 
electric vibrations describe a circle 
about the direction of propagation 
of light axis. It can also be ellipti- 
cally polarized where the electric 
vibrations describe an ellipse. These 
three situations of plane polarized, 
circularly polarized and ellipticaliy 
polarized light are illustrated in 
Fig. 1 in a simple way. 

The basis of ellipsometry is the 


fact that the state of polarization is 
altered upon reflection from both 
plane and a film covered surface. 
From a clean, film-free surface the 
analysis of the ellipticaliy polarized 
reflection can be used to determine 
the optical constants of the surface 
such as refractive index and extinc¬ 
tion index. If, on the other hand, the 
surface is coated or covered by a 
thin film, ellipsometry can provide 
the optical constants and in turn the 
thickness of the film. 

It was the German scientist Paul 
Drude who first introduced the two 
parameters characterizing the 
ellipticaliy polarized liglit reflected 
from solid surfaces. One parameter is 
the amplitude ratio, 4 ^, i.e., the ratio 
of the magnitude of the reflection 
coefficient for light polarized in the 
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plane of ineidenoe to that polarized 
normal to the plane of incidence* 
The other parameter is At the relative 

phase difibrence for these two polari¬ 
zations. Fig. 2 illustrates a thin film 
covered surface. The equation derived 
by Paul Dnide is considered to be the 
fundamental equation of elUpso- 
metry, which is given by: 

tan ^ 

(^■poi + *'pi2 (I + *‘soi **si2 e“^**) 

(1 + fpoi *‘pi2 (^soi + *ii2 e*"^*) 

2 

where x « —it d(nf - Uq sin 

A 

and reflection coefficients 

for the ambient 
medium-film interfac¬ 
es 


t^i 2 and r,, 2 = reflection coefficients 



for the film-solid 
interfaces 

n© 

— refractive index of 


ambient medium 

ni 

= refractive index of film 

d 

~ thickness of film 

A 

= wavelength of incident 
light 

>== angle of incidence. 


What one measures in ellipsome* 
try are the two quantities ^ and 
and from these the thickness of the 
film, d, is calculated. Since the above 
equation is a highly complex one, 
its solution is done by a computer 
or programmed calculator. In fact 
it was because of the complexity 
of calculation use of ellipsometry was 
slow though the fundamental equa¬ 
tion was known as early as 1890. 
With the development of high speed 
computers, calculations have become 
so easy that it is now possible to 
measure film thickness in a few 
seconds with an accuracy of a fbw 
Angstroni units. 

InstrimMMrtatloa 

The ellipsometer is a hi^ preci¬ 
sion optical instrument whidi men* 


sures the changes in the state of pola¬ 
rized light reflected from the surfaces 
of samples. In essence, it is a polari¬ 
zing spectrometer. Since one makes 
use of elliptically polarized light, the 
name ellipsometer was introduced in 
1944 by Alexandre Rothen while 
working at the Rockefeller Insti¬ 
tute for Medical Research, USA. 
The essential parts of a typical 
ellipsometer are illustrated in Fig. 4. 
The photograph shows Type 436 
research elltpsometer marketed by 
Rudoph Research, New Jersey. 

Light from a monochromatic 
source (usually a high pressure 


mercury vapour lamp or a He-Ne 
laser) is first filtered by a narrow 
band filter and then collimated by 
a collimator. The collimatea unpolari- 
zed monochromatic light passes 
through a polarizer which is a Glan- 
Thomson polarizing prism. In the 
polarizer light gets linearly polarized 
which then goes through the com¬ 
pensator. The compensator consists 
of a mica plate selected for quarter 
wave retardation and it is here li^t 
gets elliptically polarized. There is 
a variable aperture incorporated in 
the compensator permitting the 
diameter of the collimated light beam 
to be varied. 


Fig. 2. A ddn Ate eofwei wfiM 
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The elUptically polarized light 
is then directed to the specimen 
sample (substrate) to be studied in 
the sample mount. After being reflec¬ 
ted from the sample surface, light 
gets linearly polarized again and 
passes through an interchangeable 
aperture to the analyzer. The 
analyzer is similar to the polarizer 
in optical construction. The housing 
of the analyzer also incorporates 
a telescopic mirror which allows 
visual observation, and a photo¬ 
multiplier tube. The intensity of 
light striking the cathode of 
the photomultiplier tube is read by 
the photoelectric intensity meter. 

Method of measurement 

In practice, the method of measure¬ 
ment in cllipsoinetry is quite simple. 
What one docs is to rotate the 
polarizet and analyzer keeping the 
compensator fixed at an angle till 
one gets an extinction of light as 
indicated by a minimum reading in 
the photodctector. The readings 
are taken for the bare surface covered 
by a thin film. Prom these readings 
of the analyzer and polarizer one 
can calculate by a computer the 


film thickness using the Drude equa¬ 
tion given earlier. 

Application of ellipsometry 

Ellipsometry is a powerful and 
sensitive method in the measure¬ 
ment of thin films, and is applicable 
in a wide variety oj situa¬ 
tions. The measurements can be 
performed upon specimens in 
normal air and other gaseous environ¬ 
ments, in vacuum, and on or under 
liquids. Depending upon the light 
source used and the optical parts of 
the ellipsometer, measurements can 
be performed at any wavelength from 
the ultraviolet to the far infrared. 
The technique is sensitive enough 
to measure changes in film growth 
down to less than ^ one Angstrom 
unit, and is completely non-destruc- 
tivc. Wc will now discuss some of 
the important applications of ellipse- 
metric technique in industry and 
research. 

Senicondoctor process control 

The thickness and composition 
of dielectric layers used in silicon 
based microcircuit devices arc of 


great importance to the semi¬ 
conductor industry. These thin 
dielectric layers determine the per¬ 
formance and reliability of integrated 
circuit devices. Even small variations 
in silicon dioxide layer thickness 
across the silicon wafer will affect 
the sensitivity of the device. The 
thickness of the dielectric layer on 
a semiconductor surface can be 
effectively measured and controlled 
by the use of an cllipsometcr. 

Electrochemical research 

Ellipsometry is an eminently suit¬ 
able technique for studying the 
formation and growth of anodic 
films. A knowledge of the adsorption 
behaviour of organic molecules on 
the surface of electrodes is extremely 
important in electrochemical studies. 
Ellipsometry now accurately measures 
the thickness of an adsorbed layer 
on an electrode surface a solution. 
In addition, the variation of adsuip- 
tion with potential can also be 
followed ellipsometrically. In electro¬ 
plating industry, the thickness of 
electrodeposited layers on a variety 
of metal and plastic surfaces can be- 
studied by cUip^metry. 
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Fig, 4, Scbematlc illuYtiurloa of eilipsomHcr componenhi 


Surface chenistry 

Until the development of eUipso- 
metry» it was not possible to directly 
measure the thickness of a physi¬ 
cally adsorbed layer on an adsorbent 
surface. In studying physical adsorp¬ 
tion, knowledge of the thickness 
of adsorbed layer is of fundamental 
importance and now with the use 
of an ellipsometer, the thickness 
of adsorbed layers of a wide variety 
of gases and vapours on different 
surfaces ranging from metals to 
plastics have been studied and repor¬ 
ted in the literature. Fig. S illustrates 
the construction of adsorption iso¬ 
therms by measuring the film thick¬ 
ness of carbon tetrachloride on stain¬ 
less steel and n-hexane on chrome 
plated glass as typical examples. 
Such studies have contributed 
greatly to our already existing 
Icaowledge of physical adsorption, 
contact angle and wetting. 

Adsorption of oil soluble surfact¬ 
ants on metal surfaces from organic 
solutions have been eUipsometrically 


studied. Similar studies on the effects 
of gasoline, oil additives and lubri¬ 
cants on moving parts of internal 
combustion engines through ellipso- 
metry are of practical significance. 

In chemisorption, a knowledge of 
the thickness of adsorbed layer is 
desirable in understanding the reac¬ 
tion mechanisms of metal catalysts 
used in almost all heavy chemical 
industries. Such studies are now 
being carried out through ellipso- 
metry. 

Some measurements difficult or 
impossible to make by other 
techniques include phenomena on 
surfaces in ultra high vacuum, on 
surfaces immersed in solutions, and 
on surfaces at elevated temperatures 
and pressures. 

Metallurgy 

EUipsometric studies in this field 
include monocrystalline and poly- 
crystalline metallic surfaces, oxida¬ 
tion and corrosion processes on such 
surfaces, and techniques and mate¬ 


rials for the protection of sur¬ 
faces. Studies have been carried 
out on; oxides and other films formed 
on aluminium, silver, tantalum, tita¬ 
nium-aluminium alloys and tungsten, 
and the properties of thin oil filmN 
on steel sheet and tin plate. 

Optics 

Ellipsomctry is useful for the 
study of reflective, antircflcctivc 
and wavelength-selective films on 
optically transmissive substrates 
especially during vacuum deposition. 
Ellipsometry is perhaps the only 
known technique for study of the 
polish layer formed on the surfaces 
of optical components by the polish¬ 
ing piocess. 

Medical research 

New cllipsometric techniques have 
been developed for studies of blood 
coagulation, immunological reactions, 
viruses, and adsorption, interaction 
and exchange of specific plasma 
{Continued on page 32 J] 
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KUNWAR JALEES 


bidiscrimiiifitc use of poisoooos pesticides can Oaose 
serious damage to environment and even end a ng er 
human life 



L iving organisms such as 
insects, weeds, rodents, fungi, 
which compete with man for food 
and which causes destruction to 
domesticated animals and plants or 
pi'*sc public health hazards are called 
pests, and chemicals used to control 
them arc pesticides. Pesticides also 
include insecticides, herbicides, fungi¬ 
cides, weedteides, and rodenticidcs. 


Success with these chemicals during 
and after the World War II was 
impressive both in the developed 
and the developing countries. Today 
about 1000 pesticides are in 
use in the world. About 250 arc 
used in agriculture, of which 100 
arc mscctickles, 50 herbicides, 50 
fungicides, 20 nemacides and 30 
other chemicals. 


It is now being increasingly realised 
that pesticides have some imdcsi- 
rabte side effects and cause environ¬ 
mental pollution. Among the pesti¬ 
cides normally used are those belong¬ 
ing to the oiymicMorinc family 
such as D.D.T., aUrin, dieidrin, etc., 
which have attracted fliudi atten¬ 
tion and cr i tic ia ip for their diverse 
effects on the env iron me n t. 


$h J»lec» it leMffcb tchobr at the School of Bnriiaonflst^ S denca r a, Jasnhsrisl Nchro Unhoiity* Mcnr IMhI 110067 



Resistance to pesticides 


GROWING RESISTANCE 

EmH yMT IfiMwtt and mllaa d aa a l o p mom 
ilralna milatani to paalksWaa 


364 



1965 1968 1977 


THE SUPER-PESTS 

Many paala of m^r efopa hava dawalopad 
atiaina raaialant lo Impoilanl groupa of 
paatleidot: 

Colorado Beetie 
(Potatooa) 



Cotton Bollwonn 

Rice Stem Borer 



Rattus Rattus 
(EaU atofod grain) 


ATTACKING THE SUPER-PESTS 

If a paat davoloiM roalatanoa to a paaliolda thara It a rang# ot opilona: 


CHANGE THE 
CHEMICAL 

by using other 
_ pestickm p 


BIOLOGICAL 

CONTROL 

by releasing a natural 
enemy of the peat 
to destroy it 



CHANGE THE 
ENVIRONMENT 

by digging up m 

egg pods M 

for example J|k 


BEHAVIOURAL 

CONTROL 

by attracting or 
rolling pests with sex 
hormones or chemicals 


GENETIC CONTROL 

by releasing male pests 
sterilized with X-rays to 
compete for females 



RESISTANCE 

BREEDING 

by developing plant 
varieties resistant to 
pests 



Eabh of these options paaaente problems.Great cere must be taken In the choice pf 
method adopted If p ea ts are not to bocome even more reeletant. 


Fig. 1 


D.D.T. as a pcstidde has beco 
used to kill insects that destroy 
crops and which carry and transmit 
such diseases as malaria and plague* 
Use of D.D.T. has improved the 
ecoQomkf social and health status 
of underdeveloped and developing 
countries. For example^ it curbed 
malaria in India and Pakistan, 
and plague in Dakker. It has been 
estimated that during the first ten 
years of use, O.D.T. saved about 
five million lives and prevented 
100 million from illnesses such as 
typhus, malaria, dysentery and more 
than twenty other insect-bomc dis¬ 
eases. In the last ten years, the use 
of D.D.T. in India alone has increas¬ 
ed nearly four times. But the situa¬ 
tion is somewhat changing now. 
Today, man is more conscious about 
his environment than he was in 
early forties. What were thought to 
be the special assets of D.D.T. and 
other pesticides have only served to 
mask their disadvantages. 

Background of Indian pesticides 
industry 

Use of pesticides in India started 
only after independence, and the 
first plant to produce a pesticide 
(BHC) on a commercial basis was 
set up in 1952 and the first public 
sector D.D.T. plant came into exist¬ 
ence in 1955. The use of pesticides in 
agriculture began slowly with the 
realisation they were necessary for 
crop production. The consumption 
of pesticides increased from 3,750 
tonnes per annum in 1952 to 25,000 
tonnes in 1957 and 45,000 tonnes in 
1962. The total requirement of techni¬ 
cal grade pesticides for 1978-79 for 
agriculture has been estimated at 
77,420 tonnes. At present, India is 
manufacturing and formulating 44 
typos of pesticides in 86 units of which 
^2 per cent are situated in Maharash¬ 
tra. The Hindustan Insecticides Ltd. 
(HIL) inooiporated in 1954 with 
manufac^ring units at Delhi is to 
^tart one more unit at Rasayani for 
I'e productioii of D.D.T* 


Pesticides eomceatnikm fai the 
enviroBBieat 

With the introduction of pestici¬ 
des to control pests and vector-borne 
diseases, there has been a rapid 
increase in the use of insecticides, 
herbicides and fungicides. Some 
chemicals used for this purpose are 
toxic to a wide rauge of animals 
including man. A pesticide residue 

H7 


which accumulates in soil forms a 
part of the problem of general con¬ 
tamination of the environment. A 
high proportion of the pesticides used 
in India is applied on crops and only 
a small quantity is used for soil and 
seed treatment. Soil pollution may 
become serious with the persistant 
use of insecticides like aldrin, D.D.T. 
and endrin over a number of years. 
It is believed that a number of 
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birds arc facing extinction because 
of the use of D.D.T. and other 
pesticides. The presence of pesticides 
in food, water, air and crops is attri¬ 
buted to the wrong manner of their 
handling. 

Pesticides in food 

Surveys made in India to estimate 
the residues of pesticides in market 
samples of different food items show¬ 
ed that D.D.T. contamination was 
around 91.7%. In anothef survey, 
D.D.T. in the range of 8-83 ppm was 
found in 36 samples out of a total of 
120. According to a recent report, 
the use of pesticides on crops and 
vegetables appears to be excessive, 
uncontrolled and without considera¬ 
tion for the health of consumers. 
Vegetable growers spray pesticides 
indiscriminately not only during the 
growth of vegetables but also at 
the time of picking them. Spraying 
at the time of picking is done to give 
them a fresh look. Detailed studies 
at the Punjab Agricultural Univer¬ 
sity have confirmed that cauliflower 
is unsafe to market unless it has 
been plucked at least 10 days after 


the last spraying. Almost all the 
samples of edible grain analysed 
showed pesticide contamination. 
Samples of wheat, maize and bajra 
contained invariably high levels of 
D.D.T, besides other insecticides. 
The analysis of various pesticides is 
done by several institutes including 
the Central Food Technological 
Research Institute, Mysore and the 
Indian Agricultural Research Insti¬ 
tute, New Delhi. 

Reports on the residue analysis 
of milk samples reveal that out of 
17 samples analysed 13 contained 
D.D.T. at levels ranging from 0.02 
ppm to 0.75 ppm. D.D.T. content 
was above tolerance level of 0.05 ppiti 
in 55% samples. D.D.T. residues in 
various samples of branded butter 
carry from 1.1 ppm to 8.0 ppm. 
Eggs, in contrast to milk or butter, 
arc found to contain low levels of 
D.D.T. The level of contamination 
in food is given in Fig. 2. 

According to one estimate, an 
average daily Indian diet contains 
about 0.27 mg of D.D.T. The levels 
of D.D.T. in human fat samples 
from Delhi appear to be the highest 
of all the surveys done so far in the 
world. It is interesting to know ^hat 
fat samples collected and analysed 
from different regions of India such 
as Delhi, Kanpur, Ambala, Jabal¬ 
pur, Pune and Bombay contained 
D.D.T. Civilians in Delhi area 
with relatively no occupational 
exposure to D.D.T. had higher levels 
of D.D.T. in their fat than compara¬ 
ble persons in the United States, 
but the level of D.D.T in the fat of 
Indian military personnel was com¬ 
parable to that in military personnel 
in the United States. 

D.1>.T. poisoning is acute due 
to its immediate effects, and is 
chronic due to its proneness for 
storage in liver and other organs. 
Kerosene oil in which it is 
ordinarily mixed and sprayed is 
itself a poison with the ability to 
steal the important vitamin ‘A* 
from the liver where it is stored. 


How does DJ[>.T. act on human 
system? After eating food containing 
D.D.T. one part in a million, one 
develops dryness of the mouth. This 
leads tc the conclusion that the 
insecticide is absorbed from the 
small intestine where fats are diges¬ 
ted. With dry mouth there develops 
a roughness of the mucous membrane 
lining. With a more concentrated 
dose sometimes a blister forms. If 
the food is consumed at night, the 
poison causes nightmarish dreams 
from poisoning of the forebrain- 
seat of visionary conception. Sleep 
gets disturbed for hours. Eyes feel 
dry and gritty, an usual symptom of 
vitamin 'A’ deficiency. 

In connection with the spraying 
of grains and vegetables by D.D.T., 
scientists cf the Industrial Ti^xicolo- 
cal Research Centre, Lucknow, have 
strongly advised that whole wheat, 
before being sent for grinding, should 
first be washed and dried thoroughly 
in the sun. It is advised that 
pulses should be washed several 
times before cooking, and so also 
ail vegetables and fruits. 

Pesticides in air 

During manufacture, packing and 
applying a pesticide, workmen 
receive significant exposures. Poison¬ 
ing effects can be expected to appear 
quickly in tliose persons who are 
most extensively exposed. Pesticides 
also enter atmosphere by way of 
direct spraying operations (Fig. 3). 

Metal cans arc very much in 
use in developing countries like 
India. People, especially in rural areas 
use empty insecdcide cans for storing 
food. Some even use the poison as 
a hair spray to kill lice in their hair. 
The large quantity of D.D.T. fet is 
attributed to the practice of spray¬ 
ing it inside of homes in India. 

PcstkMci hi anil mrf watw 

A number of pesticides in India 
are used on standing crops. Soil 
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contamination becomes serious when 
they arc used for soil drench over a 
number of years. The extent of 
movement of pesticides in soil may 
depend upon the nature of pesticides, 
soil moisture, temperature, acidity, 
volatility, organic matter content, 
etc. Residue of pesticides may have 
adverse effects on soil micro-organi¬ 
sms, and therefore on soil fertility. 

About 34,000 tonnes of pesticides 
and insecticides are used in agricul¬ 
ture and 1,10,000 tonnes of synthetic 
detergents are consumed for washing 
and cleaning purposes in India every 
year. 25% of these chemicals can be 
expected to find their way into the 
coastal marine environment. The 
region just off Bombay and near 
Bombay High is the mosf polluted 
area (1,44 mg/litrc to 2.44 mg/litrc). 
The amount of D.D.T. present in 
samples taken between Bombay and 


Fig. 3. Pesticide spwing In progresg 

Goa is quite disturbing; the D.D.T 
level varies from 0.05 ppm to 34 ppm. 
Although exact statistics is not 
available, it is estimated that 90 
million hectares of land face soil 
erosion problems. Erosion by water 
constitutes the most severe menace 
to the land resources of the country, 
not only because it denudes soil 
directly but also because it leads to 
siltation of reservoirs and occurrence 
of floods. It has been estimated that 
the amount of soil displaced by water 


Year 

Population 

{Million) 

1979 

638.8 

1984 

685.8 

1989 

705.2 


erosion is in the order of 60,0C0 
million tonnes per year. 

This soil material moves into 
rivers and tanks and causes water 
pollution and ha 2 aTds to human and 
animal health. Only a few years 
back, a disease known Handigodu, 
named after the most affected village* 
was observed in the rural areas of 
Chikmagalur and Shimoga districts 
of Karnataka. The disease, believed 
to be caused by pesticides, leads to 
severe pain in hip and knee joints, 


Area under cultivaJon 
{Mit Hon hectares) 


100 

120 

140 


Table i. Estimated population and area under cultivation 
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abnormal growth of several bones, 
changes in the hip joint and in some 
cases changes in the femoral head. 
Both Chikmagalur and Shimoga 
districts grow paddy and coffee. 
Pesticides arc extensively used 
there. Over 85*};, of the affected 
persons were Harijans, the 
rest were from the labour and poor 
class. Not a single case was found in 
Brahmins and landlords. Harijans 
and farm labour ate fish, frogs and 
crabs and ingested pesticides and 
suffered. Fig. 4 gives the increased 
rate of illnesses because of poisonous 
pesticides. 

Future trend 

In view of the imperative need of 


India to increase food production, 
pesticides application within the 
country will further increase. Plan¬ 
ners have estimated that population 
of this country will reach the region 
of one billion by 2000 A.D. The 
estimated population and increase in 
area under cultivation is given in 
Table 1. 

With the present dosage of 570 
grams per hectare, the estimated 
requirement' works out at 77,420 for 
J 978-79. With the increased area from 
100 to 120 million hectares, the total 
requirement of pesticides would be 
1,39,000 tonnes of pesticides. Projec¬ 
ting consumption further and increas¬ 
ing the area under plant protection 
from 120 million hectares to 140 


million hectares and achieving a 
level of 1000 grams of pesticides 
per hectare, the country would be 
requiring 1,87,000 tonnes of 
insecticides by 1988-89. 

This estimated demand does 
not take into account the public 
health requirements as estimated by 
the Ministry of Health. However, it 
is estimated that D.D.T. require¬ 
ment alone during 1985-86 would be 
twice the present requirement. 

The estimated requirement of 
pesticides for the year 1978-79 is given 
in Table 2. 

Keeping in view the expansion of 
pesticide industries, environmental 
pollution is a matter of utmost 
concern. Countries like the U.S.A. 
and Canada have already banned 
some pesticides including D D.T. 
In order to ensure safety of human 
beings, animals and environment, 
the Government of India has already 
enacted Insecticides Act, 1968. The 
Act is expected to control manufac¬ 
ture, distribution and use of pestici¬ 
des so as to avoid environmental 
hazards. It seems that government 
has not been able to enforce the Act 
properly. 

India is one of the few countries 
in the world where the use of D.D.T. 
or PCBs have not been banned. The 
cost factor remains one of the 
reasons for India not banning the 
use of D n T and PCBs despite 
dangers from them. 

Proper and safe application of insecti¬ 
cides 

The old saying “If little is good, 
more is better” docs not apply in the 


Table 2. Pesticides requirement for 
1978-79 



Tonnes 

B.H.C. 

9000 

D.D.T. • 

7500 

Malathion 

1500 

Diazinon 

5 

Miscellaneous 

200 
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case of insecticides. Certain safe- 
guards are needed to protect consuma¬ 
ble items and consumer himself. 
When applying insecticides inside 
he mes, we have to be sure that no 
food lies exposed. Unused insecticide 
should be^kept out of reach of chil¬ 
dren. Empty cootainers should not 
be used for other purposes. Strict 
precautions should be taken at the 
time of application. Farmers and 
other operators should wear gloves, 


goggles, gum-boots. To avoid 
pesticide residues, food crops should 
be harvested at the recommended 
interval after the last application. 

Further reading 

1. £)eshbandhu, Current Trends in 
Indian Environment, Today’s 
and Tomorrow’s Printers and 
Publication (1^77). 

2. Garreis, R.M., Chemical Cycles 


and the Global Environment; 
William Kaufmann (1975). 

3. James, W,, Before Silent Spring; 
Princeton University Press 
(1974). 

4. Narayanaswamy, P. K.; The 
pesticides industry; Chtmical 
Age of India (Annual No. 
1976). 

5. Taylor, F. J., The Pollution' 
Effluence of Affluence, Methuen 
Publication (1971). 


ELLIPSOMETRY (Continued from page SIS) 
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Fig. 5. Adsorption isotherms (relatire vapour pressure vs. adsorbed film thickness) of carbon 
tetrachloride on stainless steel and n-hexane on chrome-plated glass 


proteins at liquid/solid interfaces. 

Many other studies apart from 
those described above have been 
carried out using the ellipsometer. 
These include detection and measure¬ 
ment of contamination on metal 
and glass, monitoring protein growth, 
crystal and mineral surface analysis, 
thermal oxidation kinetics, measur- 
ment of air flow birefringence, sub- 
microscopij on aluminium, etc. 

Thus it can be seen that ellipsome- 
try is potentially a new powerful 
and elegant technique with many 
applications in physics, surface 
chemistry, clectrochemistr>, metall¬ 
urgy, engineering, electronics, 
biochemistry and medicine. However, 
like any other technique, there arc 
limitations to the cllipsometric me¬ 
thod too. It applies specifically to 
flat, smooth and reflective surfaces 
only. Not all surfaces can he made 
flat, smooth and reflective, though 
opaque films are now measured by 
changing the light source to Ir-CO, 
lasers which make the film transparent 
enough to be measured ellipsomctri- 
cally. Films which are thicker than 
about 2,000 A to have the 

thickness range approximated by 
some other method before ellipsome- 
try can give exact result. Though 
experimental measurements are quite 
sirnple to perform, ellipsomctry is 


more often limited by interpretation 
and computation of the data obtained. 
However, with the introduction of 
automatic ellipsometers in the last 
five years or so, measurements can 
be made within a second and film 
thickness computed in less than four 
seconds. Modem instruments offer 
‘‘push-button” operation so that 
anybody with a minimum training 
can operate. Accuracy of automatic 
ellipsometers is also claimed to be 
ten times better than that of manual 
units. It is reasonable, therefore, to 
expect that uses and applications of 
ellipsomctry in all fields of science 
and technology will continue to 
expand. ’ 


Further reading 

1. Archer, R.J!, Ellipsometry-A 
Manual, Gacrtncr Scientific 
Corporation, Chicago, 11). (1968). 

2. Azzam, R.M.A. and Bashara, 
N.M, (Ed.), Proceedings of 
the Third International Con¬ 
ference on Ellipsometry, North 
Holland Publishing Co., New 
York (1976). 

3. Popov, W.A., Ellipsometry: 
Zeroing in on thin films, Opti¬ 
cal Spectra, May 1977. 

4. Hu, P. and Adamson, A.W., 
Adsorption and contact angle 
Studies, J. Colloid and Interface 
ScL, 59, 605 (1977). 
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Every comet has a spinning 
nucleus 


r\ISCOVER a comet and become 
^ immortal ! This is the motto in 
astronomy, and could as well be called 
a sacrosanct understanding among 
astronomers. Rarely is this understand¬ 
ing violated. In this article the case 
in point is of Cornel Encke, and the 
spinning of comeiary nucleus is in no 
small way related to it. In 17 K 6 Pierre 
Mcchain discovered' Comet Encke, 
bur the comet was not named after 


him. It was named after the mathe¬ 
matician and physicist Johann Franz 
Encke, who, 30 years later, predicted 
correctly that the movements of the 
comet do not go by the Newton’s 
law of gravitation. This rare honour 
deserved his finding because how¬ 
soever the astronomers tried they were 
not able to explain away the wild 
behaviour of the comet. Only recently 
the so-called mystery of the comet’s 


behaviour has been solved. Fred L 
Whipple, a well-known authority on 
comets, and his colleague Zdenek 
Sekanina of the Smithsonian Astro- 
physical Observatory, U.S.A., have 
shown that this behaviour of the Comet 
Encke, which has now been found 
among many other comets, is due to 
the spinning of the comet’s nucleus 
{Scientific American, March 1980 ). 

In the time of Encke and even 
in the present century, astronomers 
had some funny notions about a comet, 
which was mostly the reason why 
they were unable to explain the wild 
behaviour of Comet Encke. It was then 
believed that a comet was a swarm of 
bodies of varied si 2 es somehow 
staying together in its orbit round the 
sun, and the wild behaviour was even 
attributed to the resistance medium 
in space-the proverbial ether! It was 
Fred L. Whipple who gave a crystal 
clear picture of the kind of object a 
comet is when he called it a dirty 
iceberg. 

A comet is now considered to be a 
chunk of icy substances, which also 
contain traces of dust and many 
compounds. As this chunk of matter 
approaches the sun, its icy substances 
start evaporating and form a tail. 



Fig. 1. lllastratioas show how the reactive let force would be like when the nucleiis is not spliuitiig (/e/r) and spbinliig (rightj 
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Comet Kohoutak m seen cm JaiuHiry 15, 1974 (Courre\y : US ICA) 


which grows bigger with lessening of 
distance from the sun. The tail always 
points away from the sun due to the 
solar wind, a stream of charged parti¬ 
cles, the latter releases, just as the tail 
of a kite blows away in the direct¬ 
ion of the wind. At a particular point 
in its orbit the comet takes a turn and 
moves away from the sun. This point 
of closest approach to the sun is called 
perihelion. Where do comets come 
from is difficult to ascertain. One thing 
IS sure: they mostly come from outside 
of the solar system. Some comets are, 
however, called periodic comets 
because they return to the sun aftei\ 
a fixed interval of time, for example, 
period of Comet Enckc is 3.3 years, 


the famous Comet Halley 76 years. 

As comet Encke visits the sun 
every 3.3 years, astronomers have 
found in it a valueable object to throw 
light on comets as a whole, and so its 
behaviour has been studied more 
extensively than those of other comets. 
It has been found that the comet’s 
period of revolution is decreasing. In 
other words, during every revolution 
the comet comes earlier than the 
calculated dmc. The rate at which the 
period of revolution is decreasing is 
also decreasing, even today. In the 
last 200 years it has decreased from 
hours to a few minutes. This 
anomaly was attributed to the 
reduction in jet force (Fig. i). 


It is apparent that when sun evapo¬ 
rates the icy material of the comet, 
a reactive jet force is produced in the 
opposite direction, in accord with 
the Newton’s third law of motion. So 
it was believed that the jet force was 
gening reduced either due to loss of icy 
matter or due to accumulation of dust. 
However, this explanation could not 
account for the behaviour of the comet 
prior to i8io, when the period of 
revolution was increasing. 

Using computers Fred L. Whipple 
and Zdenek Sekanina studied the move- 
ments of the Comet Enckc in three 
dicmcnsions. They arrived ar the con¬ 
clusion that Comet Encke, or foi that- 
matter any comet, has nucleus that 
spins affecting the geometry of the 
ict force, which, in turn, causes discre¬ 
pancies in Its motion. According 
to their calculations, Comet Encke has 
oblate shaped nucleus two Km in size 
embedded at its center. The nucleus 
is spinning about an axis which lies 
in the plane perpendicular to that of 
the orbit of the comet. When the 
direction of spin of the nucleus is 
opposite to that of its motion, the speed 
of the comet gets reduced, the result 
of which is that orbital path is reduced. 
The comet arrives at perihelion earlier 
than expected. The reverse direction 
of spin causes the comet to arrive later 
than expected. The reason why there 
is variation in the arrival times of the 
comet at every revolution is because 
the nucleus is gyrating like a spinning 
top, one thing; it is losing mass during 
every visit to the sun, secondly; and 
lastly its rate of spin is also decreasing. 
In the last 191 years the spin axis of 
Comet Encke has gyrated more than 100 
degrees; it loses about 650,000 metric 
tons of matter during every visit, 
which comes out to be about one per 
cent of the total mass of the comet; 
and it is losing 20 to 40 minutes every 
century in 6.1/2 hours of spin speed. 
The last result is based on the 
photographic study of the Comet 
Encke. 

The way the Comet Encke gradually 
brightens up as it approaches the sun. 
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and thereafter dims abruptly is also 
puzzling. Astronomers believe that 
icy material evaporated on the sun- 
fiicing hemisphere of the comet accumu¬ 
lates oh its other hemisphere, which 
results in the observed behaviour. 
Whether such a process is really 
happening on a comet can only be 
tested if a spafc probe examines it at 
dose quarters. In 1984 the National 
Aeronautics and Space Administration 
and the European Space Agency plan 
to send two space missions, one to fly 
by the Comet Halley in 1985 and ano¬ 


ther to ezamtne Comet Temple-z three 
years later. Besides looking mto the 
aforementioned matter the space probe 
would also tell about the kind of 
material a comet contains. Comets 
are a subject of tremendous interest 
because it is believed that they are the 
direa **untouched” remnants of the 
gaseous cloud that formed the solar 
system. In recent times, a theory also 
claims that they may to be the harbrin- 
gers of life and disease on a planet 
like earth. 

Dilip M. Salwi 


X-ray effects in frog 


OADIATION biology had its 
start in the year 1895, with the 
discovery of X-rays by the German 
Professor Wilhelm Comad Roentgen. 
Shortly after the discovery of X-rays, 
it was realised that ionizing radiation, 
in the course of dissipating its energy 
on biological system, could produce 
many pfofound changes in structure 
and function of the organisms. 

Frogs {Rana hexadactyla) exposed to 


different doses of X-radiatitm showed 
dose-dependent mortality. Frogs 
exposed to a dose of 2800 r showed 
50% mortality, 15 days after exposure. 
Following X-ray exposure, animals 
showed symptoms of acute radiation 
sickness, which resulted in haemorrha¬ 
ges, degeneration of vascular tissues, 
inactive^ movements, inhibition of 
feeding activity, etc. Animals lost 
eyelid reflexes leading to complete 
loss of visual recognition which might 
be due to damage to lens and retinal 
elements. Another change observed 


was the blackening of skin in diffe¬ 
rent regions on the dorsal surface of the 
animal. These afeas turned pale leading 
to ulcerative necrosis (Fig. i). 
Degenerative changes in skin in¬ 
volves noticeable loss of cells. X-rays 
were reported to produce abnonnal 
development of embryos, inhibition 
of limb regeneration ^velopment of 
secondary tails, etc., in several aixq>hi- 
bjaus. 

Different explanations have been 
offered for the occurrence of radiation 
sickness. One such explanation is the 
release of toxic substances from dis¬ 
integrating cells killed by the impaa 
of radiation. Prominent among these 
are histamine and histamine^like 
products which are known to be mildly 
toxic. Other possible “poisons** for¬ 
med by radiation are ammonia, 
hydrogen peroxide and some cellular 
decompositon products. 

Death from X-radiation occurs 
either due to damage to hematopoitic 
system or intestinal tract or central 
nervous system. The organism can 
escape death if damaged cells manage 
to recover or if normal cells from 
similar organism are grafted. 

G. Rajarami Reddv 
K. Sasira Babu 
Department of Zoology 
S. V. University 
Tiruputi 517 502 (A,P,) 


Onion skin—an excellent scavenger 
for heavy metal ions 


Fig. 1 Photograph showing tissue 
degeneration and damage to eyes in 
frog, hexadactyla following 

X-ray exposure (2800 r) 


M any industries such as non- 
ferrous metals, pigments, storage 
batteries, metal processing, flnishing 
and plating discharge heavy metals in 
their waste streams (Table i). 
Measurable concentrations of 
these metals are present in 
domestic wastewaters even in the 
absence of significant ooncamination 
with industrial wastes. Although 


trace amounts of some of these metals 
are required in plant and animal 
nutrition^ excessive amounts can be 
toxic. The sat'ety limits of some of 
the toxic heavy metals in effluents 
for supporting aquatic life are given 
in Table 2. 

Several methods have been used 
from time to time for heavy metal 
decontamination. Precipitation ion- 
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Table i. Heavy metals foaad in the waste sttmuns of some major 
iadostries 


Ifkbatriet 

Metals found 

Basic oonftnoui metal works, 
Foundariet 

Al, Ag, As, Cd, Or, Cu, Pb, $b, Zn 

Basic steel works, Foundaries 

As* Cd, Cr, Cu, Fc, Hg, Pb, Ni, Sb, Sn, Zn 

Textile mill product 

Cr 

Leather tanning, Finishing 

Cr 

Pulp, Paper mills. Paperboard, 
Building paper board mills 

Cr, Cu, Hg, Pb, Ni, Zn 

Fertilizers 

Al, As, Cd, Cu, Cr, Fc, Hg, Mn, Pb, Ni, Zn 

Motor vehicles. Aircraft plating, 
Ftniahing 

Al, Ag, Cd, Cu, Cr, Hg, Ni 

Alkali chlorine. Inorganic che¬ 
micals 

Al, As, Cd, Cr, Hg, Fe, Pb, Sn, Zn 

Organic chemicals, Petro-chc- 
micals 

Al, As, Cd, Cr, Hg, Fe, Pb, Sn, Zn 

Petroleum refining 

Al, As, Cd, Cr, Cu, Fe, Pb, Ni, Zn 

FUtglass, Cement, Asbestos pro¬ 
ducts 

Cr 

Steam generation, Power plants 

Cr, Zn 


anion skin is highly effeaive in 
scavenging the heavy metal ions' in 
stdution. The dried onion skins are 
powdered and treated with formalde¬ 
hyde in presence of dilute sulphuric 
add* Tlic product is then filtered) 
washed with water and dried. 

By using columns of treated 
red onion skin) it is possible to reduce 
concentration of heavy metal ions such 
as Pb*+, Zn*^ and Cd*+ to less 

than o.oi ppm (which is within the 
acceptable safety limits) under 
steady state conditions. Further) it 
has been found that i gram of treated 
onion skin can hold 51.6 mg of copper 
or 125 mg of lead or 42 mg of zinc. 
Similarly) appreciable quantities of 
other heavy metal ions can also be 
held by the treated onion skin depen¬ 
ding upon the experimental conditiona. 
The metal ions so absorbed can be 
recovered by treating with dilute acid. 
After washing with water, the material 
can be repeatedly reused. 

Thus, treated onion skin offers 
another cheap and widely available 
waste material which has potential 
application in cffeaively scavenging 
toxic heavy metal ions from industiial 
wastewaters. 


exchange, cementation, clectrodcposi- 
tion, solvent extraction and reverse 
osmosis arc some of the successful 
methods employed in this field. 

Table 2. The limita of some of the 
toxic heavy metal ions 
in the efflurat for sup¬ 
porting aquatic life 


Toxic metals 

Soluble ions not to 
exceed given ppm 
concentration 

Hexavalent chromium 0.05 

Iron 

0.3 

Nickel 

0-3 

Copper 

1.0 

Zinc 

5.0 

Cadmium 

0.01 

Le«l 

0.1 

I'otal mercury 

0.005 

Arsenic 

0.05 


However, most of the methods employ¬ 
ed tend to be either uneconomical or 
incapable of consistently meeting the 
strict water quality standards curren¬ 
tly being imposed by the public health 
authortiies in many countries. Recently, 
some workers have been investiga¬ 
ting the use of some unconventional 
methods and matdrials for scavenging 
heavy metal ions ftom industrial 
wastewaters. Natural polymeric 
mateiials such as wool, cotton, tree 
barks, and insoluble starch xanthates 
have been claimed to be very efficient 
in binding heavy metal ions. Other 
agricultural byproduas such as peanut 
skin, walnut cxpeller meal, bagasse, 
paddy husk, paddy straw, and 
flour waste have also been found to 
effectively bind some heavy metal ioos 
firoin sedution. Recent work done in 
Visvesvaraya R^onal College of 
Engineering has shown that red 


Pawah Kumar 
S S. Dara 
Deptt. of Applied Chemistry 
Visvesvaraya R^iond College of 
Bngmeering 
Nagpur ^440011 


Distillery waste 


A LCOHOL industry in India is 
^ creating a serious water pollution 
problem. The undiluted waste, as 
it emerges firom the distillery, is of 
deep red colour, possesses an extre¬ 
mely high bioch^cal oxygen demand 
(26,000-65,000 mg/l), chemical oxygen 
<iemaiid (55,000- 1,15,000 n^l). 
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Table i. <3iea»ical composirion of spent wash 


total solids (90,000-1,10,000 mg/l) 
and a strong acidic pH 3 . 4 - 4 - 3 )- The 
waste also carries sulphur compounds 
which on stagnation decompose into 
H,S, giving an ofiensivc odour and 
imparting black colour to the waste. 
At 105 distilleries in India, about 
3,178 million lit. of alcohol is 
manufactured and 6765 million lit. 
of spent wash is produced as waste 
per annum. The spent wash is dischar¬ 
ged into streams as a waste causing 
severe water pollution problem. How 
then can such a huge amount of spent 
wash be utilized beneficially ? 
Considerable work has been done to 
utilize valuable products from it. 


Spgnt Cam^sition Waur 

Broduax wash of tmixvr solution 

ash% solution txtractod 

Ash % from 
Ash% 


Water soluble salt 

7.0 

47.70 

100.00 

Potassium oxide (K 2 O) 

27.12 

24.21 

51.27 

Phosphates (P 2 O 3 ) 

3.25 

-t 

— 

Sulphates (SO 4 ) 

12.16 

12.16 

25.49 

Chlorides (Cl) 

12.63 

12.63 

26.48 

CalvJum oxide (CaO) 

11.86 

1.10 

2.33 

Carbonates (COs) 

0.46 

0.46 

0.96 

Ferric oxide (Fe 202 ) and Alum oxide (AI 2 O 1 ) 

2.71 

— 

— 


Methane gas 

It has been observed that 10-12 
days anaerobic digestion of spent wash 
results in the production of about 
3,39,840 c.c. to 3,96,480 c.c. of gas for 
each 0.4536 kg of BOD load. The gas 
produced during digestion contains 
CH4 50%-7 o "^ o 3 CO2 20%-25%, N, 
2%-7%> Hj, i%-5% and Oj o.i%. 
According to this, a distillery producing 
4,54>ooo lit. of waste, discharging 
about 18,144 kg of BOD/day (assum¬ 
ing average BOD of the waste to be 
about 40,000 mg/l) from which about 
1,35,936 X 10^ c.c. methane gas can 
be recovered. In terms of fuel value 
4.89 Cal/c.c. of methane gas corresponds 
to about 14-15 metric tonnes of coal/ 
day. This gas can be used as fuel in 
boilers. 

Ammonia and urea 


required will be 6,79,680 x 10’ c.c. 
Methane gas which can be manufac¬ 
tured from the waste of all distilleries 
of our country is enough to produce 
2,46,466.36 me ric tonnes of ammonia 
and 4,28,281.59 metric tonnes of urea 
per year. 

Methane derivatives 

From mechanegas valuable methane 
derivatives can also be manufactured. 
Frpm a distillery producing 22,700 lit. 
of alcohol/day, 1,353936 X 10^ c.c. of 
methane gas may be produced from 
which 58.5 % of methyl chloride 
(CHaCl), 29.3% methyl dichloride 
(CH202)3 9 - 7 % chloroform (CHCI3) 
and 2.5 % carbon tetrachloride can be 
obtained. These products can be 
separated by fractional distillation. 
By changing methane and chlorine 
ratio and the catalyst, any of the 
produas can be obtained. 


Methane gas instead of burning 
in boilers can be utilized for the 
manufacture of ammonia and urea. 
Ammonia can he obtained by catalytic 
synthesis ol hydrogen and nitrogen. 
The source of hydrogen is methane 
gas and nitrogen can be obtained 
from ail by liquefaction. The COj 
produced during alcohol formation and 
anaerobic digestion can be utilized 
for manufacture of urea. For 1 ton 
of liquefied ammonia, methane 


Potassium salts 

Potash can also be recovered from 
the spent wash. The spent wash has 
the chemical composition given in 
Table i. (D.L.N. Rao and A. Gani, 
1968, Nizam Sugar Faaory, Sha- 
kamagar) 

The molecular proportions of 
sulphates, chlorides and carbonates 
of potassium have been estimated 
against K2O and percentage of the 


salts calculated jK20 as K2SO4 is 
42.81%, KjjO as KCI, 54 - 23 %> K^O 
as KjCOs 2.96%. The quantity of 
the respective salts that can be rtbtained 
per day from the water-soluble portion 
of the ash from a distillery producing 
4,35, 840 lit. of spent wash/day comes 
to K2SO4 2,875.82 kg; KCL, 3,107.16 
kg and K2CO3 113.4 kg. 

Manure 

If the data, given in the table, of 
chemical analyses are scrutinized, they 
reveal that spent wash is equally, if 
not more, valuable than alcohol, as it 
contains high amount of plant nutrients. 
A distillery producing 4,35,840 lit. 
of spent wash/day contains 456.184 
metric tons of total solids/day which 
may yield 6,350.4 kg of nitrogen, 
1,088.64 kg of PjOs and 1,360.8 kg of 
KjO. The manure from spent wash 
can be obtained after neutralizing and 
concentrating it to 50 Brix (a unit, 
showing weight of a solute per volume 
of solution at a given temperature) 
that can easily be transported to a place 
where needed. Taking NPK require¬ 
ment as 90.72 : 36.28 : 45.36 kg per 
acre for cane cultivation, the day's 
production of concentrated slopes in 
terms of full potassium value will 
cover about 30 hectares (3,628.8 kg 
potassium/day produaion) and nitro¬ 
gen and phosphorus per acre would 
be about 7.93 kg and 13*60 kg respect i- 
vely. 
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Cultivation of yeast 

The spent wash carries about 
i. 24%-3.65% of sugar and most of 
the biochemical oxygen demand is due 
to the presence of this sugar. Spent 
wash, as such, can be utilized for the 
cultivation of adapted yeast cells &om 
wild yeast. The developing yeast ceil 
consumes this sugar and brings down 
the BOD of the waste at the same time. 
There is nearly 4-5 fold increase in 
size of adapted yeast cell. This yeast 
is rich in proteins and vitamins and 
can be supplied as cattle feed. It has 
been pointed out that it is possible to 
adapt the yeast {Saccharomyces 
cerevisiae) in ioo% spent wash without 
any nutrient addition. The growth of 
the adapted yeast was found to be 0.224 
tng/mg of total sugar as compared to 
0.116 mg/mg of total sugar for the 
wild yeast. 

From the foregoing^ it is obvious 
that distillery waste is a valuable pro¬ 
duct if it is properly handled and 
utilized. No doubt, that new plant 


P ARTICULATE clouds are fine 
aerial suspensions of particles, 
c.g., dust, smoke, fog, mist, haze, 
etc. Dust is solid particles dispersed in 
a gaseous medium as a result of the 
mechanical disintegration of matter. 
Smokes cover a wide variety of gase¬ 
ous disperse systems comprising fine 
particles which settle slowly under 
gravity. When a smoke is formed 
simultaneously with the production 
of a gas or vapour, it is called fume, 
c.g., in smelting, metallic oxide 
smokes are generated simultaneously 
with sulphur dioxide. Mists consist of 
droplets usually formed by the con¬ 
densation of vapour, but they may 
also be produced by the atomi^tion 
of a liquid. When the suspended drop- 


installation to obtain these products 
can cost equal or more than the cost 
of setting up the industry itself, and the 
industrialist may not support this 
programme but it is also their 
moral duty not to degrade the 
environment. In western countries tax 
incentives in different forms are given 
to the owners manufacturing such 
commodities, the same praaice should 
be adopted in India as well. The 
government can also give subsidies to 
such producers utilizing the waste 
beneficially. In the interest of saving 
human life from the drastic consequen¬ 
ces of pollution, the government can 
also install such industries for the 
utilization of the waste in the public 
sector. If such steps are taken, it will 
be a very useful and positive approach 
to the solution of the problem. 

S.R. VERiViA 
Deptt, of Zoology 
D.A.V College 
Muzaffamagar {U,P,) 


let concentration becomes sufficient to 
reduce visual range markedly, the 
mist may be called a fog, but the line 
of demarcation is not well defned. 

In the atmosphere, droplets and 
particles of atmospheric pollution 
and dust may be present together 
giving rise to haze, but this is merely 
a combination of three systems and 
not a different kind of suspension. 
Similarly, the term ‘smog’ is generally 
used to denote an aerial system for¬ 
med when fog occurs in the presence 
of atmospheric pollution from 
domestic and industrial chimneys, 
but the term is also applied to 
other noxious suspensions in the 
atmosphere. Tbe term aerosol is 
commonly applied to colloidal 


dispersions of solidn or liquids in 
gaseous medium. 

Particulate clouds are widespread 
in nature and are met in many phases 
of modern civilization. Release of 
particulate matter into the atmos¬ 
phere is one of the most acute envir¬ 
onmental problems of today. Pollu¬ 
tion by industrial and domestic 
smoke is widespread in industrial and 
urban districts. 

There arc two broad types of 
harmful effects arising from the 
inhalation of particulate clouds. The 
first is systemic and the other localized 
in the respiratory system. Suspensions 
such as lead dusts or certain pesticides 
which act as systemic poisons or cause 
loss of function arc less size-depen¬ 
dant. The other type of effect is caus¬ 
ed by the in! alation of dust and gives 
rise to a group of diseases known as 
the pneumoconioses, which comprise 
by far the largest number of cases of 
respiratory illness directly attributa¬ 
ble in industrial particulates. There is 
also a smaller group of ailments call¬ 
ed pneumonitis, a form of pneumonia 
caused by metals such as manganese, 
vanadium, cadmium and beryllium. 

Various terms have been used 
to signify diseases due to specific 
dusts; silicosis due to dust containing 
free silica, asbesiosis caused by 
breathing asbestos dust, byssionsis 
produced by the dust formed in the 
preparatory processes in cotton 
spinning mills, bagassosis from the 
grinding of bagasse (spent sugarcane) 
and sideroisis occurring amongst 
welders and haematite miners. 

Epidemiological investigations of 
respiratory diseases such as pulmon¬ 
ary tuberculosis, influenza and the 
common cold, have established be¬ 
yond doubt that the disease spreads 
by airborne microorganisms, and me¬ 
thods of air hygiene such as disinfec¬ 
tion by ultraviolet light and by che¬ 
mical agents have been applied in¬ 
creasingly to their control. 

Blankets and bedding can become 
highly infective, and air sampling in 
hospital wards ha< shown that 
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large numbers of bacteria are dis¬ 
persed from blankets, etc., during 
making the beds. The effect may be 
equally serious in homes when a 
member of a family is infected with 
respiratory disease. 

The emission of particulates in 
chemical industry poses a health 
hazard. Examples are cement dust, 
sulphuric acid mists, iron and zinc 
oxide smokes, and various fluorine 
compounds. 

The atmosphere contains sus¬ 
pended particles of many kinds; 
smoke from industrial areas oi from 
burning forests, minute living organi¬ 
sms, dust from the earth and from 
outer space, salt particles from the 
sea and water in the form of droplets, 
ice crystals or snowflakes. The sys¬ 
tem as a whole (air plus particles) 
may be regarded as a complex colloi¬ 
dal system, or more speciflcally an 
aerosol, in which vast numbers of 
finely divided liquid and solid parti¬ 
cles, constitute the disperse phase. 


Water occurs as a constituent of 
both the disperse phase and the 
dispersion medium, depending upon 
the conditions of tempeiature and 
pressure. The familiar natural 
phenomena of cloud, fog, mist, and 
haze aie essentially manifestations 
of disperse systems in which a liquid 
or solid is dispersed in a gaseous 
medium in the atmosphere. 

Chemicals for the control of 
insects, fungi and weeds are frequen¬ 
tly sprayed in the form of 
minute Solid particles or liquid 
droplets. Depending upon the parti¬ 
cular purpose, the degree of disper¬ 
sion employed varies from relatively 
coarse sprays to true aerosols. 

V.K. JiNDAL 
Lecturer. M.L, 1 . College 
Sahpau Mathura. U.P. 

P. Bahadur 
Shri Ram Institute For 
Industrial Research 
19 , Vniv. Road, Delhi-llOOO? 


Somatostatin and its use 
in medicine 


AT The Salk Institute, Lajolla, 
^ California, Roger C. L. Guillc- 
min’s school was busy in search of 
various hypothalamic releasing 
factors responsible for secretion of 
various pituitary hormones (Fig. 1 ), 
Two of his colleagues, Wylc Vale 
and Paul Brazeau, discovered a 
protein in the ovine hypothalamus 
(in 1772 ), which unlike other releas¬ 
ing factors was found to inhibit 
secretion of growth hormone from 
the pituitary (Fig. 2 ). Guillemin’s 
school isolated and characterised the 
protein and named iC*Somatostatin’^ 
Soniato from somatotropin, a 
pituitary growth hormone and 
stat 0 >i) from the Latin "*to halt. 


to arrest'’. Though the discovery of 
this molecule was rather accidental, 
soon it was found to be of immense 
therapeutical as well as theoretical 
importance. For the discovery of 
releasing factors and somatostatin, 
Guillemin was awarded Nobel Prize 
in 1977 for Physiology and Medicine 
along with Rosalyn S. Yalow and 
Andrew V, Schally, both of U.S.A. 

The soxnatostajtin isolated from 
the ovine hypothalamus is a small 
shaped tetradecapeptide (a pep¬ 
tide containing 14 amino acid 
residues) with a disulfide bridge 
linking cystine at position 3 and 
cystine at the position 14 . The mole¬ 
cule has the follwingprimary sequence: 


H - ala-gly- cys-lys*asn-phe-phe-trp> 
ly s-thr-phc-thr-ser-cy s-OH. 

Using most recent techniques like 
radioimmunoassay, immunocyto- 
chemistry, etc., it was discovered that 
somatostatin-like activity (SLA) 
is not confined to the hypothalamic 
region but has a widespread phylo¬ 
genetic as well as anatomic distribu¬ 
tion. In the neuronal elements and 
axonal fibres of central nervous sys¬ 
tem including spinal cord, in discrete 
secretory cells of epithelial appear¬ 
ance in stomach, pancreas, gastroin¬ 
testinal system, etc., of a wide range 
of animals (hagflshes, torpedofish, 
pigeon, rat, hamster, dog, baboon, 
rhesus monkey, sheep, pig and 
man), SLA has been found to be 
present. 

Soon it was discovered that 
somatostatin is not only a hypothala¬ 
mic growth hormone release-inhibi¬ 
ting factor, jbut it also has the capacity 
to inhibit secretion of thyrotropin, 
glucagon, insulin, gastrin and secre¬ 
tin hormones and secretion of pepsin, 
HCI and the secretion of the pancreas. 

Somatostatin and diabetes mellitiis 

Diabetes mellitus, one of the most 
intensively studied human disease, 
shows complex pathological symp¬ 
toms like hyperglycemia (presence of 
higher blood glucose concentration 
than the normal) often accompanied 
with glucosuria, polyuria, ketonemia 
ketosuria and acidosis. Earlier it was 
believed that diabetic hyperglycemia 
is mainly caused due to insulin defici¬ 
ency aad insulin is the only treat¬ 
ment. But now it has been found 
that not only insulin deficiency is the 
cause of diabetic hyperglycemia and 
other related symptoms, glucagon 
also plays an important part. In 
kevere hyperglycemic conditions, 
symptoms of ketoacidosis etc., are, 
due to excess glucagon in the blood. 
In normal condition glucose-hemo¬ 
stasis of the body is regulated by 
glucagon and insulin. 'When insulin 
secretion decreases glucagon level 
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Fig. 1. Secretion of anterior pituitary hormones In response to hypothalamic releasing factors 


increases which compels some 
processes to form more glucose^ 
resulting in increased blood glucose 
level. When insulin level increases^ 
glucagon level decreases and glucose 
level falls. Somatostatin administra- 
tion causes simultaneous decrease in 
plasma insulin> glucagon and glucose 
level (Table 1). In a normal case 
decrease in insulin level may result in 
increased glucose level, but when 
somatostatin is^ administered, 
glucagon level also decreases, 
maintaining the decreased glucose 
level. This observation for the first 
time, gave a clear cut evidence that 
glucagon has a hand in maintaining 
glucosehemostasis in the body. 

in juvenile diabetes, where post¬ 
prandial (after feeding) hyperglyce¬ 
mia could not be inhibited by only 
insulin administration, somatosta¬ 
tin along with insulin made it normal. 
Upon discontinuing somatostatin, 
a rebound in both plasma glucagon 
level and post-prandial hyperglyce¬ 


mia were observed on the same 
insulin dose. This shows that somato¬ 
statin can decrease excess secretion 
of glucagon (which cannot effectively 
be eliminated even by aggressive 
treatment with insulin). Another re¬ 
markable observation is that soma¬ 
tostatin alone, i.e., in the absence of 
insulin, prevents ketoacidosis in 
juvenile diabetes. 

It has already been reported that 
somatostatin suppresses glucagon in¬ 
sulin secretion. There occur some 
pancreatic tumors which secrete 
either glucagon or insulin in excess. 
So somatostatin can be therapeutical¬ 
ly administered for the treatment of 
individuals with such tumors. In 
insulinoma patients it has been 
observed that insulin secretion is 
inhibited by somatostatin. Infusion of 
somatostatin in such patients should 
be performed cautiously since, des¬ 
pite lowering of basal insulin levels, 
plasma glucose level may fall precipi¬ 
tously. 


Soouitostatitt and gasfroiiitestliial 
system 

Somatostatin enhances levels of 
some gastrointestinal hormones by 
direct action on the secretory ele¬ 
ments of these peptides. Somatostatin 
administration has been shown to 
inhibit secretion of gastrin (normally 
gastrin secretion is induced by meals). 
Somatostatin in large doses also 
inhibits exocrine pancreas secretions, 
gastric secretions, and secretin. 
Recently, Cuitlemin has shown that 
somatostatin alone can inhibit the 
secretion of acetylcholine from the 
(electrically stimulated) myenteric 
plexus of the guinea pig’s small in¬ 
testine. (Myenteric plexus is a nerve 
network lying in the submucosa of 
the digestive tube. It is well-establi¬ 
shed that when electrically stimula¬ 
ted, nerve endings release neurotrans¬ 
mitters like acetylcholine. Acetyl¬ 
choline is believed to be responsible 
for the gut contraction.) This may 
perhaps be the reason Tor inhibitory 
effects of somatostatin on gut con¬ 
traction. 

Somatostatin and growth hormone 

Human subject^’ having* growth 
hormone producing pituitary tumors 
suffer with increased growth hormone 
secretion. In all these casc.s increased 
growth hormone can effectively be 
suppressed by somatostatin adminis- 

Table 1 


Concentrations of 


Conditions 

Insulin 

Glucaffon 

1 . Golucose admini- 
itration f 
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Exercise 
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tration. So, in pathological states 
associated with elevated basal growth 
hormone-levels (e.g., acromegaly, 
protein-caloric malnutrition and dia¬ 
betes), somatostatin can be used 
successfully for suppression of growth 
hormone secretion. 


Fig. 2 

TRF (thyrotropin releasing fac¬ 
tor) is released by hypothalamus, in 
response to which thyrotropin is 
secreted from the pituitary, ft has 
been observed that thyrotropin res¬ 
ponses to TRF are inhibited by 
somatostatin but interestingly basal 


levels are not affected. 

Somatostatin does not affect the 
pituitary secretion of luteinizing hor¬ 
mone, follicle stimulating hormone 
and adrenocorticotropin. Amazin¬ 
gly, in patients with pituitary tumors 
(adenomas) and acromegaly unusual 
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response to somatostatin is observed. 
It has been reported to lower fasting 
prolactin levels in patients with 
acromegaly and ACTH levels in 
patients with Nelson’s syndrome. 

Although some adverse haema- 
tological ejBTects like diminution in 
platelet aggr^ation have been re¬ 
ported in baboons and rabbits re¬ 
ceiving large doses of somatosta- 
tin> no serious toxicity is observed in 
man. But these reports cannot be 
taken as conclusive as they lack 
Equate control studies and even 
in many cases somatostatin pre¬ 
parations may not be pure. 


Fig. 3. GlncciMiMtalMiliminb^ 
Therapentic implkatioiis 

Apart from the inhibitory role 
of somatostatin on various hor¬ 
mone secretions, it is hoijed that 
somatostatin can be used as a success¬ 
ful curative agent in certain clinical 
conditions suqh as*acromegaly, pan¬ 
creatic islet cell tumors, diatetes 
mellitus, etc. In case of endocrine 
tumors, though it is not expected to 
diminish tumor growth, it may 
inhibit excessive hormone secretion; 
thus in such conditions somatosta¬ 
tin can be used as a temporizing agent. 
Scientists believe that in diabetic 
retinopathy and diabetic ketoacido¬ 


sis somatostatin may be used 
successfully to prevent or retard the 
severity. 

By using gene manipulation techni¬ 
que, bacteria can be programmed to 
produce somatostatin in pharmaceuti¬ 
cal quantities. A DNA sequence con¬ 
stituting a gene for somatostatin has 
already been synthesised and is 
ready for cloning. 

As somatostatin has inhibitory 
effects on various hormones, its 
administration will definitely create 
many unwanted complications. For 
example, if a diabetic patient is 
treal^ with somatostatin to inhibit 
excess glucagon secretion, it may 
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inhibit insulin secretion also. If a 
somatostatin analogue having inhibi¬ 
tory effect on glucagon only could be 
discovered or synthesised^ this side- 
effect may be controlled. Presently, 
many scientists are busy in finding 
out various somatostatin analogues 
which could be used effectively in 
various clinical conditions. One such 
analogue, [des-Asn^]-somatostatin, 
may inhibit secretions of growth 
hormone, insulin and glucagon, 
respectively. Another analogue is 


ID-Trip*, D-Cys**]-soinatostatin. The 
natural somatostatin has a very 
short half-life (about 2 minutes) 
which poses a great problem during 
administration. Scientists are trying 
to find an analogue with longer half- 
life but with same or more potency 
as that of the natural molecule. 

A. Samantsingar 
Deptt. of Physiology 
Indian institute oj Experimental 
Medicinej Cak utta -700 0 S 2 


Rhizosphere 


immediate root system of 
^ plants is associated with an inani¬ 
mate environment composed of 
organic and inorganic substances as 
well as several metabollically active 
microflora. The microorganisms con¬ 
stituting this microflora live in an 
unstable equilibrium—a state in 
which at any one time each indivi¬ 
dual is in balance with its neighbours 
but in which changes in environ¬ 
mental conditions lead to changes in 
the equilibrium. The term ‘rhizo¬ 
sphere* was first introduced by Ger¬ 
man scientist R. H. Hiltncr in 1904, 
It refers to that portion of soil which 
is subject to influence of plant root 
systems. The rhizosphere is not a 
uniforms well-defined zone; instead, 
it has a microbial gradient. The 
influence of the root system is maxi¬ 
mum at the immediate root surface 
or ‘rhizoplane* and decreases with 
increasing distance, both vertically 
and horizontally, from rhtzoplane. 

Effect of plants on rliiao^plmre 
microfloni 

Rhizosphere is a highly fhvoura- 
hle habitat for proliferation and 
metabolism of numerous microbial 


types including bacteria, fungfi- 
actinomycetes, free-living nematodes, 
algae, and protozoa. 

The living root cap cells provide 
nutrients near the tip and elonga¬ 
tion zone. Root hair and cortical 
cells die as plants age. Eventually the 
whole root dies thereby making all 
the tissue available for feeding micro¬ 
bes. A miscellany of compounds 
such as vitamins, amino acids, 
peptides, organic acids enzymes, etc., 
are found in root exudates. Besides 
there arc trace amounts of various 
substances with specific biological 
activity such as nematode cyst¬ 
hatching factor and fungal zoospore 
attractants* The amount and quality 
of nutrients determine the size of 
the population and the nature of the 
rhizosphere microflora. 

Rhizosphere contains more 
microorganisms than the soil free 
from the influence of plant roots. 
The ratio of the number of microorg¬ 
anisms present per unit of rhizo¬ 
sphere to that present per unit of non- 
rhizosphere soil is expressed as 
R/S ratio. I'his R/S ratio is highest at' 
the immediate root surface or ‘rhizo- 
planc% falling oS sharply with increa¬ 
sing distance. For bacteria, the R/S 


ratio may reach as high as 100 or 
even more, especially in the legumes. 
Actinomycetes, fiingi, algae, and 
protozoa show more modest increase. 
This quantitative effect reaches its 
maximum at the age of greatest 
vegetative growth. The microbial 
population declines with the death 
of the plant, and generally with the 
exception of forms like cellulose 
decomposers, reverts back gradually 
to the level of the surrounding non- 
rhizosphere soil. 

The stimulated bacteria are gram¬ 
negative rods and pleomorphic forms 
capable of fermenting carbohydrates. 
They decompose cellulose and cause 
denitrification and ammonification. 

Enviromnental factors like in¬ 
tense light, high temperatures, tem¬ 
porary plant wilting, root damage, 
etc., favour exudation. Besides, foliar 
application of certain substances, 
such as urea, causes marked increase 
in the root exudation of glucose, 
fructose, glutamine, and alanine, 
whereas organic acids are decreased. 


Effect of rbizospliere mkrofleni on 
plants 

Rhizosphere microflora exert pro¬ 
found influence on plants. Ptant- 
rhizosphere microflpra interaction is 
a widespread phenomenon and in¬ 
cludes both promotion and demo¬ 
tion. Availabliity of nitrogen is affec¬ 
ted adversely. Nitrification does 
occur but at the same time 
nitrogen gets immobilised by the 
activity of microorganisms. 

Immobilization of zinc (Zn) by 
microorganisms causes the deficiency 
desease ‘^little lear* of fruit trees. 
“Grey speck'* of oats is caused by 
bacterial oxidation of nianganese 
(Mn). Rhizosphere microflora have 
been reported to be capable of affect¬ 
ing the molybdenum (Mo) content 
of plants. Their activity leads to 
decreased uptake of elements like 
sulphur (S), calcium (Ca), and nibi' 
dium (Ru). 
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Some rhbosphere microflora pro¬ 
duce indole acetic acid (lAA) 
and gibberellin-like substances. Ex¬ 
tracts of several rhizospherc bacteria, 
including Azotobacter chrooc^ccum 
and Rhizobium japonicum possess a 
cytoknin-type of activity. 

Benefits 

Several of them produce antibio¬ 
tics, e.g., an antibiotic isolated from 
Azotobacter chroococcum was found 
to suppress Candida albicans, Alterna- 
ria sp. and Monilia sp. Such antibio¬ 
tics protect plants from pathogens. 

Rhizosphere microflora also pro¬ 
vide assimilable food to plants 
through organic decomposition. In¬ 
creased concentration of carbon 
dioxide (COf) In rhizosphere result¬ 
ing from microbial respiration aids 
greater solubilization of soil minerals. 

Rhizosphere microflora and plant 
pathology 

N on-pathogenic microorganisms 
comprise..the bulk of the rhizosphere 
microflora. The observation that 
soil borne plant pathogens, with 
few exceptions, are more destructive 
to their hosts in sterile soil than in 
normal soil indicates a ^olc for the 
microbial interactions at the rhizos¬ 
phere—competitive, antagonistic and, 
in some cases, beneficial when it 
protects plants from pathogens. 

Rhizosphere microorganisms have 
been reported to be capable of sup¬ 
pressing plant diseases through their 
antagonistic effect on root-infecting 
pathogens, e.g., Tricl\od€rma viride 
protects pine roots from Phomes 
annosus. TTic immunity of monocots 
Phymatotrichum otnnivoruni, the 
agent of *texus root rot’ of cotton 
and other plants has been attributed 
to the activity of rhizosphere 
microflora. 

Prospects 

Rhizosphere js a microbial buffer 


zone which protects the plant from 
pathogen. Several mechanisms have 
been suggested to explain the buffci 
action—antibiotic production, forma¬ 
tion of physical barrier by rhizosphere 
microflora, ousting of the pathogen 
through deprivation of nutrients, etc. 
Future developments could profi¬ 
tably explore the possibilities of 
using inocula of mixed cultures of 
organisms all acting on a disease in 
different w'ays, such as inhibiting 


pathogen proliferation competing for 
nutrients, providing growth regula- 
tors, etc., used together with the 
techniques for modifying rhizosphere 
environment. This may enable us to 
control plant diseases which appeared 
invincible hitherto. 

Udaysankar Chaitcpadhyay 
Botany Deptt, 
Burdwan University 
Golaphag, Burdwan (W.B,) 
713104 


Repellents, attractants and 
chemosterilants for insect 
pest control 


UMEROUS devices have been 
employed in the past by man to 
control insect pests. Although a 
.variety of insecticides are in 
common use, none has succeeded in 
the complete eradication of these 
pests. With increasing use of insecti¬ 
cides, insects have deveioped resist¬ 
ance to them. Further, insecticides 
cause environmental pollution, 
which makes life more miserable 
and increases the danger of poison¬ 
ing of mankind as well as of the 
useful animals. These dangers of 
increasing use of insecticides have 
stimulated research for control 
methods without the use of toxic 
chemicals. 

Insects have managed to persist 
despite hostile surroundings'because 
of their extraordinary adaptability. 
For example, many insects depend 
on their highly specialised olfactory 
senses and have specialised 
olfactory organs. The front part of 
the insect body has two antennae, 
which act as the olfactory sense 
organs. Under the cuticle of soine 
insects there are several receptor 
cells which are highly sensitive and 


specific to odours. Many species 
recognise their mates, food and egg- 
laying sites by these senses. Molecul¬ 
es ,of chemical compounds, often in 
minutest amounts, diffused in the 
air provide the insect with informa¬ 
tion about the odour source. Within 
a few centimeters of an odour source, 
an insect is able to detect it and orient 
its body accordingly. 

Among the safest and the most 
useful methods developed by entomo¬ 
logists, arc insect repellents, attrac- 
tants and chemosterilants, which make 
use of the insect’s olfactory capabili¬ 
ties. 

Repellents 

Repellents arc materials which 
when applied to a particular spot 
causes the insect to move away from 
that place. Several safe and effective 
repiellents arc now known, like 
dimethyl phthalate (DMP) (QoHioOi) 
dimethyl carbate, indalone 
(Butopyronoxyl) (2, 2-dimethyl 6- 
carbobutoxy- 2 , 3 -dihydro- 4 -pyro- 
noc), Rutger’s 6-12 (Ethohcxadiol) 
(2, ethyl-1, 3 -hexanediol), diethyl 
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toluraido (DEBT) (N, N-diothyl 
m*toluniide), etc. Many essential oils 
like lemongrass oil and oil of citro* 
nella have a repellent elTect on cer¬ 
tain insects such as houseflies* 
mosquitoes and cockroaches. Most 
essential oils* however* have a 
limited rcpellency* especially to 
mosquitoes and the effect is usually 
short-lived. 

Repellents when applied on the 
body act as barriers for the insects 
and prevent them from biting the 
coated surface. Some repellents are 
volatile so that the insect is turned 
away from the skin without even 
touching it. 

A repellent should be cosmeti¬ 
cally pleasing and non-irritant and 
easy to apply with hands. It should 
preferably be relatively insoluble in 
water, so that it can be applied to dry, 
as well as wet, perspiring skin. 

No good insect repellent is known 
for use on agricultural > pests. A 
volatile repellent does not last long 
enough and frequent spraying of a 
repellent over a long growing season 
is not economical. 

Attraclants 

An attraefanC is a substance which 
causes an insect to move towards 
it. Insect attractants are abundant 
in nature. Insects respond to attrac¬ 
tants present in their food and also 
to plants or animals that serve as 
their place of living and t^produc- 
tion. Use of food attractants* such 
as soyabean oil* for the eradication of 
insects is one of the many me*^hods 
employed to control insect pests. 
The attractants are mixed with an 
insecticide so that insects attracted 
towards it are killed. 

Besides the food attractants* 
there arc sex attractants also. Many 
of the male insects respond to sex 
attractants (called pheromones) 
produced by female insects. Scienti¬ 
sts have isolated sex pheromones from 
insects and synthesized chemicals 
related to the attractant that has 


proved highly tiuccessfti| ip eontrpl). 
ing insect pests* 

Chemosterilants 

One of the outstanding charac- . 
teristics of insects is their ability to 
increase rapidly in number even 
under relatively unfavourable circum¬ 
stances. Among the various new 
approaches to pest control now being 
used, artificial sterilization of insects 
offers most challenging ppportuni- 
ties. One way to induce sterility in 
insects is by the use of chemicals 
known as chemosterilants. Insects 
can also be sterilized by using radia¬ 
tion (usually X-rays), but the techni¬ 
que is too expensive. 

Two methods of chemosteriliza- 
tion have been employed for supress- 
ing insect population. One system 
consists of the mass production, 
sterilization and release of sterile 
organisms so that they interfere with 
reproduction in the natural fertile 
population. The other system involves 
the sterilization of the required pro¬ 
portion of the natural population 
by appropriate means. The sterilized 
individuals cannot reproduce and 
at the same time, they further control 
reproduction by competing with the 
remaining fertile individuals in the 
natural population. The actual 
techniques for practical application 
of the two methods differ f^rom each 
other. 

In the sterile male technique 


hundreds of millions of the insects 
are reared for sterilization and are 
subsequently released into the en¬ 
vironment. The reared sterile insects 
then compete for mates with the 
normal insects in the population. The 
mating between these sterile insects 
and normal wild insects results in 
infertile egg. By releasing more 
number of sterile insects into the 
environment and by continued release 
for several generations, the decreas¬ 
ing number oC sterile individuals in 
the natural population finds a lesser 
number of fertile mates and gradu¬ 
ally the chances for successful fertile 
matings become nil. 

The sterile-male release technique 
have been applied successfully against 
the screw-worm fly and several 
tropica] fruitfly species in the USA. 

The release method is costlier 
than application of insecticides when 
the natural populations are high, but 
may be economical when the natural 
populations are low. 

The use of attractants, repellents 
and chemosterilants can thus play 
an important role in achieving the 
eradication of the dangerous pests 
effectively, economically and with 
complete safety to man and his 
environment. 

P. USHA NAIDU 
Division of Entomology 
Regional Research Laboratory 
Hyderabad -600 009 


Why should there be 
fat in milk? 


q^HE most valued component 
of milk is fat. Cows yielding 
milk with high fat percentage are 
expensive to buy. The fat of milk 
also forms the basis of most sweet¬ 
meat industry. The lipid content of 


the milk is also the most variable of 
its major components. It ranges from 
zero in the milk of rhinoceros and 
2 percent in that of the horse to as 
much as 50 per cent in the 
milk of aquatic nuuamaJs. Fat 
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in human and cow milk is about 4 
percent, rodent milk 12 percent and 
milk of polar bear contains 33 per 
cent. Fat is a major source of energy 
in the diet of young mammals and 
provides about 70 per cent of calories 
in rat milk and considerably more 
in the milk of the polar bear and 
seal where fat content is extremely 
high and lactose low. This is under¬ 
standable, because the seal and polar 
bear which live in extreme cold 
environment need a highly concen¬ 
trated source of energy which at the 
same time serves as an insulator to 
the loss of body heat. This function 
is well served by the fat in milk. 
The whale, living in subzero tempera¬ 
ture also needs a high energy source 
in the milk for the survival of its 
young. Whalers milk contains the 
highest milk fat percentage (well 
above 50 percent). One gram of fat 
provides 9 kilocalories of energy 
while the same amount of protein 
or carbohydrate provides less than 
half as much (aprox. 4 kilocalories). 
The mammary tissue is one of the 
most active tissues in the body with 
regard to lipid synthesis. In the high 
lactating cow, it is not uncommon 
for the animal to synthesise and 
secrete 1,5 kg of milk fat per day. 
The major lipid component of 
milk of all species is triglycerides, 
accounting for more than 95 percent 
of the total lipids. It is present in 
the form of fat droplets which range 
from 1 /im to 7 /^m in diameter. 
Fatty acids in milk are mostly of 
long chains with 14 to 18 carbon 
atoms per molecule and arc either 
saturated or unsaturated. Milk 
triglycerides also contain medium 
chain (Cg to Cj2) and sometimes 
short chain (^€4 to C®) saturated 
fatty acids. The milk of human 
female contains 91 per cent long 
chain and 9 per cent medium chain 
fatty acids. Studies on humans sug¬ 
gest that most C,e and C,8 fatty 
acids in milk are derived from diet. 
However, in ruminants, the chain 
elongation from lower fatty acids 


to higher fatty acids takes place in 
the mammary gland cells, although 
milk in these species contain pre¬ 
dominantly lower fatty acids like 
butyric and- caproic acids. Lipids 
in milk are sometimes called its 
butterfat content; they exist as mi¬ 
nute droplets or globules that under 
proper conditions will rise to form 
a layer of cream, say, after boiling 
and ^tting the milk cool. Agitation 
in the form of churning causes the 
globules to aggregate into granules 
that can be gathered and worked 
into butter. Butter is about 80 % fat 
and the part that is not fat, is mainly 
water. If butter is melted, clarified 


A native of the central and north 
South America, the chocolate 
tree is cultivated in many countries 
of the tropics in both the hemispheres. 
In India, it is cultivated in some 
parts of South India and Orissa. 
Botanical ly, the plant is named 
Theobroma cacao and belongs to 
the* family Sterculiaccae. 

The plant is a small evergreen tree, 
sometimes reaching upto 12 m in 
height with a dense rounded crown. 
From the trunk itself, small rounded 
“Cushions” protrude and on these 
small, pink flowers appear. Cocoa 
is cauliflorous, i.e., the flowers and 
fruits are borne on the older leafless 
parts of the trunk and lateral branches 
(Fig. 1 ). The fruit swells to mature 
size and shape resembling a reddish 
orange to dark purple football, 
25 cm- 3 ()cm long and as much as 
12 cm in diameter (Fig. 2 ). During 
a year any good chocolate tree gene¬ 
rally bears 60 to 70 fruits and 
every month a few of them hang 
grotesquely on the trunk or large 
branches. 

Before the arrival of the Europc- 


and dried, it yields a product that is 
almost 100 percent fat and is known 
as butter oil. It is used commer¬ 
cially in making candy and baked 
goods. 

But milk fat too has its limita¬ 
tion. Excessive amount of fat in 
diet leads to the fatal human disease, 
atherosclerosis. This disease is due 
to the deposition of cholesterol in 
arteries, thereby blocking their pas¬ 
sage and causing heart attack. 

S. K. JiNDAL 
M. C. Sharma 
Scientists 

Indian Veterinary Research Institutes 

Izatnagar 


ans in tropical America, the Aztecs 
domesticated the chocolate tree. 
They regarded its fruits more 
valuable than gold, because chocolate 
could be drunk or eaten. In pre- 
Columbian days, they were a medium 
of exchange throughout the Aztec 
and Inca Empires and called in the 
Nahuallan language as Chocolatl. 

The seeds and pulp are removed 
from the fruit and allowed to fer¬ 
ment. This, along with the increase 
in temperature, cures the seeds and 
improves their flavour. After the 
fermentation is over, seeds arc 
washed and dried. They are now 
known as “Cocoa beans” and ready 
for storage or shipment or use. 
Christopher Columbus brought “Co¬ 
coa beans” to Spain in 1502 after 
his fourth voyage to the New World. 
The taste of the bitter beverage made 
from ground roasted seeds, hot water 
and vanilla was improved by the 
addition of sugar. By about 1700 , 
the English changed the rcceipe again 
by adding hot milk to the delicious 
drink. More than a century later, 
a Dutchman patented a machine for 


The tree that grows chocolates 
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Fig. 1. Pods of Theobroma cacao on tbe 
tnuik {Firom '^LlYlng Pfamts of the 
World*’ by Loros and Mai«ay 
MOne) 

“Ah! tea for the Gods” and gave it 
the Greek generic name Theobroma, 
which represents this expression. 

Seeds are the principal source of 
cocoa or cocoa powder, highly prized 
as a nutritious beverage and the 
chocolate, used us food the world 
over. In bakery and confectionery 
the powder is commonly and exten¬ 
sively employed. Cocoa butter is used 
in the finest chocolates, cosmetics, 
ointments and soaps. It is also used 
in pharmaceutical preparations. 
Theobromine, an alkaloid obtained 
from the seeds has therapeutic 
properties similar to those of caffeine, 
and is used in cola drinks. 

Chocolate trees are now cultiva¬ 
ted in large orchards and pruned to 
a size that keeps their fruits within 
easy reach of the pickers. Much of 
the cocoa is still cultivated in Brazil, 
Venezuela, Trinidad, Ecuador and 
Panama, but the plant is now grown 
commercially in the Gold Coast of 
Africa, Nigeria, Sri Lanka and Indo¬ 
nesia. Little of it is used in the native 
areas but its demand for chocolate 


pressing the ground roasted seeds, 
yielding cocoa powder and a valua¬ 
ble byproduct Cocoa butler, 
as a natural fat. If Cocoa butter and 
sugar are added to ground roasted 
cocoa beans, the product is the 
sweet eating chocolate. Today it is 
difficull to realize that this favourite 
among the world's confections was 
not available before 18 50 and that 
Swiss milk idiocotate"had its begin¬ 
ning in X 8 J 76 When the Swedish 
botanist Linnaeus tasted the choco- 
hile. be is wtid to have exclaimed 

riK- 2. Fruit and cocoa “beans** of Theo-^ 
htoma ^‘acao (F/wm. **Botan> -\n 
Introductory Survey of the Plant 
kingdom" by .lames I). Haynes) 
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candy and as flavouring agent in 
Europe and America makes produc¬ 
tion of cocoa beans important wher¬ 
ever the trees can grow well. 
U.S.A. is the largest importer fol¬ 
lowed by West Germany, U.S.S.R., 
etc. 

In India, the chocolate tree was 
first introduced about 50 years ago 
from Sri Lanka. The oldest plantation 
of any importance was done at the 
Fruit Research Station, Kallar at 
the base of the Nilgiri Hills in Tamil 
Nadu. Some of the trees planted 
in the early thirties produced much 
of the material for planting in other 
places in South India. Scattered 
plantations are also found in pri¬ 


vate compounds in various towns of 
Tamil Nadu, Karnataka and Kerala. 
Besides South India, in Orissa there 
are few plantations of the chocolate 
trees. Although demand for cocoa- 
based products progressively 
increasing in Ind the large-scale 
cultivation of the cjocoa trees and the 
production of beaijis is yet in the early 
stages. Presently! the demand for 
cocoa is met by imports of raw and 
roasted beans and unsweetened 
powder. 

Md. S. Hoque 
Research Officer 
Forest Genetics Branch 
F.R.I.! Dehra Dun- 24 Sm 


14 cm in diameter and 3 m long. 
Nereocystis is commonly called as 
the “bull kelp”, “bladder kelp”, 
“ribbon kelp” and “sea otter cab¬ 
bage’*. It is a good source of potash. 

Still another kelp, Pelago phycus 
(Greek— Pelagos^thc sea; Phykos 
==a sea weed) spreads like an 
umbrella (Fig. 1 C) when mature. It is 
similar to Nereocystis having a very 
strong stem and also a' nemato- 
cyst at its apex. The stem is about 
30 m long, and, from the tip of 
the nematocyst grows, on opposite 
sides, two branches, each branch 
bearing 4-6 leaves. The leaves arc 
long (6 m) and are attached to the 
branches by means of short stalks. 
Also named as “elk kelp”, “sea 
pumpkin”, and" “sea orange”, it is a 
good source of potash. 

The Fucii and Sargassums (Figs. 
IE and IF) are inexplicably trouble¬ 
some to sailors by their vigorous 
growth and thick bed formation. 
Quite often such beds provide breeding 
and grazing areas for marine animals. 
Both are well provided with 
vesicles which help them to float in 
water. The famous ‘Sargasso sea’ 
in North Atlantic has been a trouble 
maker to sailors for a long time. 

The Laminaria, unlike Fucus, 
Sargassum and other forms, is 
exceptionally called leaf kelp because 
of its expanded thallus. A single 
plant may attain a height of 8 m in 
length. 

In Postelsia (Fig. ID) there is a 
palm-like appearance as the specific 
name indicates, though it has no 
relationship with original palms. The 
hollow stems are erect and adapted 
to withstand any adverse conditions 
that may arise in its environment. 
It can bend horizontally when struck 
by heavy flow of water and 
assumes normal position when 
water recodes. 

Kelps are economically im¬ 
portant for the percentage of potash 
they yield. In Europe, cattle feed is 
manufactured from kelps. During the 
World War I ( 1917 ) it is estima- 


The giant kelps 


K elps are unique in their size 
and usage. In most cases 
they grow into thick masses and 
form a marine kelp forest far 
different from the forest on land. 
They are tallest and biggest plants in 
the sea and hence designated as 
giant kelps. 

Kelps arc large brown sea weeds 
attached to rocky substratum 
in the sea. They belong to the 
class Phaeophyceae under algae. 
Macrocystis pyrtfera, Nereocystis 
lutkeana, Pelagophycus, Postelsia 
palmaeformis, Sargassum, Fucus 
and Laminaria are some of the well- 
known kelps. They arc economically 
important as sources of potash and 
algin, and usually form dense forests 
by their profuse growth at a depth 
of 10 m - 30 m. Their morphologi¬ 
cal characteristics are discussed 
below. 

Macrocystis 

Greek—-AforArros—large; kystis—ti 
bladdcrXFig.lA). It is attached to dry 


rocky substratum under water. The 
stem of the plant is about 1 m in 
diameter and attains a length of 
60 meters. It is strong, hard, and 
on it, arise a number of leaf-Jike 
appendages, each about 1 m in 
length bearing spinescent outgrowths 
at its margin. At times it spreads for 
many kilometers and forms dense mats 
along the sea surface, it shares with 
Nereocystis and forms thick subtidal 
forest. Macrocystis is considerd to 
be the longest plant in the sea. 

Nereocystis 

Greek—daughter of the 
ancient sea god Ncrcus; kystis==a. 
bladder (Fig. IB). This is the second 
giant kelp showing certain unique 
characteristics. It grows on rocks in 
water ( 5.25 m depth) and shows 
a very strong stem about 30 cm in 
diameter and 12 m - 30 m in length. 
The tip of the stem develops into a 
unique nematocyst, bearing a number 
of elongated leaves ranging between 
30-64 in number. Each nematocyst is 
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ted.that about 3500 tonnes of potash 
had been extracted from Macrocys- 
tis itself. Sargassum, Fucus and 
Laminaria are good sources of 
algin, a usual cell wall constituent in 
brown algae. Laminaria is being used 
in China for treating menstrual 


TN embryo transfer^ ovaries of 
a female are stimulated by hor- 
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difficulties in women. 

K.N. Ramakrishnan 
Lecturer in Botany 
Maharaja College 
Ernakulanty Cochin -11 
Kerala 


monal treatment. She is then mated 
with a male or inseminated artifici- 
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ally. The fertilized ova are subsequent 
tly recovered from the uterus and 
deposited into the uterus of redpient 
females. The recipient female acts 
as a foster mother for the develop¬ 
ment of the embryo. Recent studies 
have shown that unfertilized ovum 
can also be recovered from ovaries, 
fertilized in vitro, cultured through 
a series of divisions, and finally 
implanted in a synchronized foster 
mother for further foetal develop¬ 
ment. 

The major contributions of 
embryo transplantation work to 
animal genetics and livestock im¬ 
provement arc ; expansion of limited 
gene pools, proliferation of blood 
lines of genetically superior females, 
facilitation of transport of genetic 
potential to different areas, increase 
in population by twinning, decrease 
in generation interval in selection 
programmes, and contribution to¬ 
wards pre- and post-natal gcnc- 
environmentai interaction studies. 

Nowadays, in many countries 
cross-breeding programmes involve 
improvement of production potenti¬ 
ality of animals by using exotic breeds. 
But due to limited quarantine station 
facilities or other reasons of importa¬ 
tion of breeding stock, the animal 
scientists are adopting embryo 
implantation programmes to expand 
the ‘exotic’ gene pools. Expansion 
of the limited gene pool of exotic 
beef cattle population by embryo 
implantation is presently quite 
common in Canada. The embryo 
transplantation techniques are now 
more or less standardized in pedigree 
livestocks. Exportation of sheep 
and pig germ plasm by embryo 
transfer techniques was pioneered in 
Britain at Agjricultural Research 
CounciFs Animal Genetics Labora¬ 
tory at Babraham, U.K. As we 
know, it is easier to transport a 
blastocyst—the product of two pedi¬ 
gree parent animals—^than to trans¬ 
port the animals themselves. The 
blastocysts, brought to the appro¬ 
priate stage of development in the 
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luboratory. are temporarily implan- 
led in the uterii of rabbits and then 
irani>ported anywhere. On arrival 
at the destination, the “carrier” 
animals are hormonally conditioned 
and blastocyst is transferred to 
‘‘foster” mother of the right breed. 

Generally, the tarm animals pro¬ 
duce a limited numoer of offspring 
in their lifetime. But, today with 
the develoment of artificial insemina¬ 
tion technique, the males with supe¬ 
rior genetic make up are utilized to 
produce a good number of livestock. 
The recent advancements in the 
methodology of embryo transplanta¬ 
tion offer the geneticists new opportu¬ 
nities tor the proliferation of identi¬ 
fied genetic superiority in females, 
ji is now possible to produce a 
number of full-sib sisters of the same 
age froiu cows of superior genetic 
make up. The prospect of recovering 
a higher percentage of the thousands 
of primary oocytes lying in the ovaries 
of new born females is a challenge 
to the reproductive biologists. 
IHmbryo transfer offers a" bright 
prospect in obtaining a large number 
of offspring by the recovery of mature 
ova from superovulated females. 
The exploitation and utilization of 
this unused genetic potential is yet to 
be adopted as a routine practice in 
livestock improvement programmes. 

Milk and meat production poten- 
ual may be increased by producing 
twins in all dairy cows through 
nonsurgical implantation of scientifi¬ 
cally preserved embryos (S.R., 
February 1979 ). Besides, the frozen 
embryo banks may be useful in 
establishing genetic pedigree stan¬ 
dards and to act as control for genetic 
change in selection experiments. 

Long generation interval, i.e., 
the higher average age of the parents 
'^hen their offspring are born is one 
of the constraints of farm animal 
•mprovement. Efforts to reduce this 
period by different breeding pro- 
riammes are in progress with varying 
results This aspect may be taken care 

b' adopting embryo transplanta- 
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tion in selection programmes by the 
use of females before reaching 
puberty. 

Although much development 
has been made in embryo 
transplantation and animal improve¬ 
ment in many countries, very little 
attention in this direction is being 
given in India. Few leading veteri¬ 
nary institutes and colleges have 
recently started working on this 
problem. And once the techniques of 
embryo transplantation become stan¬ 
dardized, the animal geneticists will 


F ishes live in a fantastic variety 
of habitat—from the dark oceanic 
abyyses to the boundless surface of 
the open seas. They encounter 
vagaries of nature and some of 
them have faughf. for survival by 
evolving the most mysterious and 
inexplicable weapons like the 
electric organs. 

Two hundred and fifty two 
species of fishes are capable of genera¬ 
ting bioelectricity with the help of 
certain specialised tissues of their 
body to constitute the electric organ. 
The organs are capable of producing 
electric current which may give shock 
to animals and human beings when 
they come in contact with the fishes. 
In some cases, the shock is very 
powerful and can even kill a big 
animal. Among fishes which possess 
electric organ Torpedoes of the 
tropical and temperate seas, skates, 
snout fish (Aformyrids) of Africa, 
Electric eel {E!ectrophorus), Electric 
catfish i^Malapterures) and star¬ 
gazers {Uranoscopu&^ are the 
important ones. 

Origin of electric organs 

Electric organs arc developed by 
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be able lo utilize them to incicusc 
production efficiency through lull 
utilization of the identified genetic 
potential of both males and lemales. 

Dharmpswar Das 
Ramendra N Baruah 
Mishbahur Rahman 
Babul C Shakma 
College of Veterinary Science 
issam Agricultural University 
Khanapara, GauhatC 781022 
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the modification of muscular tissue 
of the fish. In some fishes, they are 
developed from the embryonic stria¬ 
ted muscle cells, while in others by 
the motor-end plate. In Torpedoes, 
some of the branchial muscles are 
transformed to form the electric 
organ by leaving their original func¬ 
tion of moving the gill arch. In 
electric eel, skates and snout fishes, 
the electric organs take their origin 
from some of the lateral tail muscles, 
whereas in cat fishes it is the body 
muscles that form the organ. In star¬ 
gazer electric organ develops from 
eye muscles. Despite the basic simi¬ 
larity in the formation of the electric^ 
organ in various species, there are 
differences in the appearance, posi¬ 
tion in the body and mode of nerve 
supply. It appears that these organs 
have developed independently in a 
number of species in the long history 
of piscian evolution. 

Internal structure 

Structurally each electric organ 
(Fig. J) is composed of a number of 
regularly arranged flattened or dist* 
like multinucleate cells, called 


Why do some fishes discharge 
electric current 
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I. Slfrucfure of elecm^plaqiies witli tnncryatctf and aon-lnnerrafed fa««s of several 
electropia<tii^s in one column: I, Myoneural Junction (Synapse), 2. Electpoplacpie, 
N<ui«inner>ated faci, 4. Nerve, 5. Blood vesseix. 6. Connective tissue 



Fig. 2. Torpedo showing electric organ; 1. Electric organ, 2. Vagus nerve, 3, Brain, 
4. Electric lohe of brain 

Hectroplaquc and arc embedded in is hounded by a connective tissue in 
u jolly like matrix. Fach electroplaque an elongate tube. One face of each 


electro plaque is supplied with nerve 
fibres and the jelly-like substance is 
provided with blood vessels. The 
electroplaques are arranged one 
above the other in the form of co¬ 
lumns in which the innervated faces 
are in the same direction. The co¬ 
lumns of piles of electric cells form 
an organic battery which produces 
current just as voltage is increased 
by joining up storage battery. 

In the Torpedo there arc two 
large and two small electric organs 
(Fig. 2 ) on each side of the body. 
The small organ is placed within the 
large organ. Each such organ is made 
up of a number of vertical, hexagonal 
tubes, each tube has the form as 
described earlier. A large Torpedo 
(IOcm -1 5 cm) has about 10(X) electro¬ 
plates linked in series on each side 
of the body. In this species, electric 
organs are supplied by nerves origina¬ 
ting from a special lobe of the brain. 
The innervated side of each electro¬ 
plate in a column is negative to the 
other side. The current passess from 
the upper (positive) side to the lower 
(negative) side. Cells and blood 
vessel on the upper side release the 
dischaige. In the electric cel there are 
three organs on each side. One is 
much larger than the other. Here 
electroplates run in length and 
occupy a major portio"h of the body. 
The organ is supplied by nerves com¬ 
ing from the spinal coid. In the cat¬ 
fish electric tissue forms a sheath 
covering the whole body just beneath 
the skin. Here electric discharge goes 
from tail to head region. In skates, 
snout fish and in other rays electric 
organs are small structures lying on 
either side of the caudal peduncle. 
Star-gazers have such an organ in 
the form of two ovel patches behind 
the eyts. 

Mechanism of electric current disch- 
arge 

The discharge of electricity is 
controlled by nerve fibres which 
profusly branch and make a largr 
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number of synaptic contacts with 
one face of electroplaques. Many 
electroplaques as described earlier 
are gtouped to form columns 
or piles. The innervated face of all 
the electroplaques lie in the same 
direction. Nerveus impulses reach 
all the electroplaques in a column 
at the same moment. This results in 
simultaneous excitation of all the 
innervated sides of the clcctropla- 
que in a column. Being excited, a 
reversal of the membrane charge 
takes place and the inside of the 
cell membrane becomes electro¬ 
positive. During the occurrence of 
reversal of membrane polarity on the 
innervated faces of the electroplaque, 
the non-innervated faces undergo 
depolarisation. However, this takes 
place after the completion of excita¬ 
tion in the innervated faces. During 
excitation the inside membrane of 
the innervated face of each electro- 
plaque achieves around 90 mV 
clectropositively relative to the non- 
innervated tace. So at this mement 
each column consists of positive and 


Science quiz 

r. (a); 2. (b); 3. fa); 4. (c) (1901 win¬ 
ners reedved theirs a year late); 5, (b); 
6- (a); 7. Ca); 8. (d); 9. (c); 10. (c); 
:i. (c). 


negativi; ^plates’ alternately. The 
voltage is achieved by a series of 
summation of the electromotive 
force generated by the individual 
cefts. 

The force of discharge from the 
electric organ ot different fishes has 
been measured in laboratory condi¬ 
tion ; Torpedo with 40-50 volts. 
Eel 370-550 volts, catfish 350-450 
volts. 

Function of electric organ 

Opinions differ on the functions 
of electric organ in different fishes. 
But most authorities agree that fishes 
discharge electric current both for 
defensive and offensive purposes. 
However, it seems reasonable to 
presume that different characteristics 
of this organ arc related to different 
functions. Torpedo and eel immobilize 
the prey before devouring them by 
discharging electric current. Fishes 
which live in murky water and with 
poorly developed eyes (snout fish) 
discharge weak electric pulses unin¬ 


ANSWERS 

Puaeulca 

Only in 1904. (1900 is rtot a 
year). 

2. No, consider a person standing 
at the North Pole (South Pole)i 
All directions from his place* 
point towards south (Ntuth)* 


terruptedly and set up lines of elec¬ 
tric force in the water around them. 
If a moving object breaks this field, 
it is promptly detected in the 'Radar 
field* and the fish immediately becomes 
aware of it. The rate of pulses which 
are emitted is changed and this helps 
the fish to locate the object more 
accurately. Therefore, in these fishes 
electric organ acts as a warning device. 
This is particularly very useful 
during the breeding season to keep 
away other species while the fish 
seeks its mate. The exact mechanism 
by which the fish detects the break 
of the 'Radar field’ is not 
known. However, the large develop¬ 
ment of cerebellum in the brain and 
the presence of certain peculiar cells 
at the base of the dorsal fin in snout 
fish may give some clue to this 
direction. 

SiimiiN SrN«;iiipTA 
Animal Behaviour Section 
Zoological Survey of India 
S, Lindsay St. 
Calcutta- 7()0016 


He has got only one choice. 
VC^te bear lives in the north 
polar region^ and the penguin 
bird lives in the south polar re¬ 
gion. 

Both will be equal in length. At 
the pole, the altitude of the sun 
remains same throughout the day. 
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Chemistry 
Nobel Laureate 
Stein passes 
away 


TJ^ILLIAM H. Sieia, Professor of 
™ Biochemistry at the Rockefeller 
University, New York, who shared 
the 1972 chemistry Nobel Prize with 
his colleague, Stanford Moore and 
Christian B. Anfinsen of the National 
Institutes of Health Bethesda, Md., 
U.S.A., died on February 2, 1980 at 
his home in New York at the age of 
69. Although aaive in research till 
his death, due to the degenerative 
ner\c disease gillain-barre, Stein had 
been confind to an invalid’s wheelchair 
since 1969. « 

According to the official Nobel 
award citation, Stem and Moore were 
awarded the Nobel Prize “for their 
contribution to the understanding of 
I he connection between chemical 
•ruciiirc and catalytic activity of the 
active centre of the rtbonucleasc (an 
enzyme^ molecule’'. (An enzyme is an 
highly specitic complex chemical 
catalyst.) Stem’s work in collabora¬ 
tion with his colleagues spread over 
the ye^rs 1949 to 196^ led to funda¬ 
mental LMiunbutions to enzyme 
chciniMir W orking independently on 
the eiizynu nbonuclease, Stem, deve¬ 
loped iIk relationship between struc- 
inre anti caialyiic activity of the 
enzyme By i960, Stein and Moore 
had essentially completed their work 


Dr. Stein 

on the analysis of the whole sequenc. 
of 124 amino acids in the enzyme 
ribonuclcase. For the next twelve 
years, Stein and Moore did similar 
work on the enyme deoxyribonuclease 
and a week before the announcement 
of the award, Stein and Moore had 
completed their outstanding work on 
deoxyribonuclease which is also 


worthy of a Nobel award. 

The importance of the work of 
Stein and his cowinners of the 1972 
chemistry Nobel Prize lies in the fact 
that such enzyme studies may even¬ 
tually lead to genetic repair or diseases 
control. As Anfinsen had obser¬ 
ved : "If you want a certain catalytic 
job done or perhaps a replacement of 
a missing protein in an animal, you 
might be able to design in advance 
the three-dimensional structure.” 

Stein was born in New York on 
June 25, 1911 and educated at 
Phillips Exeter College, Harvard 
University and Columbia University. 
It was at Columbia that he obtain^ 
his doctorate in 1938. The same year 
he joined the Rockefeller Institute 
and later, the Rockefeller University. 
He also taught at the UnivtTsity of 
Chicago and Harvard University. 

R. C. Dhingra 
Principal 

Govt. Postgraduate Collette 
Bhiwani-J 2 mi 


Fifth All India Congress of Zoology 
Bhopal 1980 


T he Fifth All-India Congress ot 
Zoology sponsored by the 
Zoological Society of India will be 
held under the auspices of Bhopal 
University, Bhopal in October- 
November, 1980. Sections under 
which papers will be presented in¬ 
clude Cell Biology and Genetics, 
Ecology and population studies. Hy¬ 
drobiology and Marine Zoology, Ex¬ 
perimental Zoology and Radiation 
Biology, Fish and fisheries, Behaviour, 
Toxicology, Endocrinology and Re¬ 
productive Physiology, Developmental, 
biology, Physiology and Biochemistry, 
Entomology, Parasitology, Taxonomy, 
Environmental Biology, General 


Zoology, Histology and Histochemis¬ 
try and Morphology. Group discus¬ 
sions will be held on conservation of 
wild life in India and contribution of 
zoology to national development. 
A who’s who of zoologists will be 
brought out on the occasion. Abstracts 
of papers to be presented should 
not exceed 200 words. The last date 
of receipt of abstracts of papers and 
discus^on and bioskctch is 30 June, 
1980. For details, please write to 
Dr. D. K. Belsare, Professor of Life 
Sciences, Bhopal University, Bhopal 
or Dr. B. K. Behura, Pr^essor of 
Zoology, Utkal University, Vani 
Vihar.. Bhubaneswar, 751004. 





Hair dyes— 
are they safe ? 

H uman hair, in many respects, 
resemble textile fibres. Realising 
this faa, cosmetic manufaaurers do 
research on dyeing, washing and wav¬ 
ing of hair. There are three types of 
hair dyes : (i) the so-called rinses, 
(2) scmi-i^crmanent hair dyes, and 
(3) permanent hair dyes. Rinses normally 
contain food dyes, basic dyes and tex¬ 
tile dyes which are mixed with salts, 
acids (citric, malic or tartaric acid) 
and sometimes with detergents too. 
Some rinses may also contain optical 
bleachers which convert the invisible 
ultraviolet light from the sun into 
blue or violet fluorescence. They are 
designed to give a particular shade to 
the hair when applied in the form of 
shampoos. They can be removed by 
washing. 

Semi-permanent hair dyes remain 
on the hair even after several washings. 
They contain certain dye intermedia¬ 
tes. On the other hand, the change in 
colour brought about by permanent 
hair-dyes will last even longer. This is 
achieved by the addition of an oxidi¬ 
sing agent (usually hydrogen peroxide) 
and hence they are also called oxida¬ 
tive-type hair dyes. Hair is first treated 
with dyes which penetrate the hair 
shaft. It is then chemically oxidised 
by treating with hydrogen peroxide. 
The dyes when oxidised arc irrever¬ 
sibly tound within the hair. The 
colour remains much longer. 


In recent times, the question of 
safety in the use of hair dyes has at- 
traaed the attention of scientists. 

Dye intermediates which are used 
in different hair dye formulations 
are highly reactive organic chemical 
compounds. They are classified into 
different groups known as aromatic 
amines, aromatic nitroderivatives, phe- 
nos, etc. Names of some of them arc 
given in Table i. Concentration of 
some of these chemicals may be as 
high as 4 % in some formulations. 
These active ingredients can be ab¬ 
sorbed through the scalp into the blood 
stream. It has been shown that in the 
case of a particular formulation, as 
much as 4.6 mg of the active ingre¬ 
dient 2-5 diaminotoluene may be ab¬ 
sorbed through human skin during a 
standard hair dyeing procedure. Me¬ 
tabolic products of these ingredients 
have been found to be excreted in 
urine for two days after a hair dyeing 
procedure. It is reported that even 
urine may appear black in some per¬ 
sons after the use of hair dyes. It is 
often said that beauty is skin deep; 
but products of beautification can 
certainly penetrate deeper. 

The aromatic amines may react 
with nitrites which are always pre¬ 
sent in small quantities in our body 
(they are both taken in through food 
and also produced in the body) to 
form nitrosamines. Nitrosamines arc 
known to be very potential carcino¬ 
genic and mutagenic agents. Bruce 
Ames and his colleagues of the Uni¬ 
versity of California at Berkeley have 
tested as many as 169 hair-dye for¬ 
mulations available in the United Sta¬ 
tes of America. They find that i5o-of 
them, containing compounds shown 
in Table i as the active ingredients, 
are mutagenic in their baaerial test. 
Their baaerial rest is one of the most 
widely accepted methods for detecting 
genetic toxicity of chemicals. Tests 
conduaed on Japanese and British 
hair dyes have given similar results. 
Six brands of hair dyes manufaaurcd 


Table i. Active ingredients of some 
hair-dye formulations 

1. 2-Amino-5-n 11 rophenol 

2 . 2-Amino-4-nitrophcnol 

3. 4-Amino-2-nitrophenol 

4. 2,5-Diaminoanisole 

5. l,2-Diamino-4-nitrobcnzenc 

6 . 1,4 -Djaniino-2-nitrobenzene 

7. 2,4-Diaminotoluene 

8 . 2,5-Diaminotoluene 

9. 2-Ni tro-p-phenylenediamine 

10 . m-Phenylcnediaminc 

11 . O-Phcnylcncdiaminc 

12 . p-Phcnylcncdiaminc 

13. m-Toiuenediamine 


in India have also been tested by 
using Ames bacterial system. Of these, 
except one brand which is a hair dye 
stick, all the other five were found to 
be mutagenic. Other researchers from 
UK, USA and Japan have shown that 
many of these active ingredients can 
cause mutations in other organisms 
such as fungi and drosophila. They 
are also known to induce chromosomal 
aberrations in cultured mammalian 
cells (Chinese hamster and mouse) 
and also in human lymphocytes. 
Given the universality of the genetic 
material in all living systems (except 
some viruses), it is difficult to escape 
the conclusion that some of these in¬ 
gredients may induce genetic damage 
in humans also. 

The National Cancer Institute of 
the USA has conducted studies which 
showed that two hair dye ingredients 
4-methoxy-m-phcnylenediamine and 
its sulfate salt cause lymph gland and 
thyroid tumours when fed to laboratory 
animals. Recently it has also issued 
a warning that another hair dye 
component 2, 4-diaminoanisole and its 
salts should be handled as if they are 
human carcinogens. These warnings 
are based on the laboratory experi¬ 
ments in which rats and mice fed with 
these compounds, developed excess site- 
specific malignant tumours. However, 
many other carcinogenic studies with 
hair dye formulations and their aaive 
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msTcdicnis using laboraiory animals 
have revealed only conflicting results. 
While some studies did reveal impor- 
lani differences in the rate of tumour 
incidence (in lymphoid system, uterus 
and ovaries) between control and 
treated animals, others did not. The 
manufacturers, of course, have ques¬ 
tioned the utility of feeding tests. They 
contend that, hair-dyes arc not for 
eating. However, there are a number 
of pointers which suggest that these 
chemicals may be carcinogenic : 

(1) in Ames bacterial test 85 to 90 
per cent of carcinogens show up as 
nitiiagcns. Hence the chances that the 
hair dye ingredients which are muta¬ 
genic in Ames test can turn up to be 
carcinogenic arc quite high; 

(2) as stated earlier, many of active 
ingredients in hair dye formulation 
are known to induce chromosomal 
aberration m cultured mammalian cells 
and human lymphoc)nes. Further, 
they are also known to induce mor¬ 
phological transformation in cultured 
Chinese hamster cells. Transformation 
is the nearest in vitro evidence for 
cancer induction. 

(3) compounds which are related 
in chemical structure to many of the 
active ingredients in the hair dyes are 
known to be both mutagenic in a 
number of lest systems and carcino¬ 
genic to humans. For example, chemi¬ 
cals such as benzidine, 4-amino- 
biphcnyl, bera-napthylamine whuh 
are structurally related to many aro- 
r.ialic amines in the hair-dyes are 
known to be very potential human 
\'.rciuogcns, and 

(4) there is also epidemiological 
f vv^i ncc to supptai the carcinogeni¬ 
city hail 'iye^, Analysis of death 
Cvirihcates of residents of Alameda 
county in (California has revealed that 
pcTsrms who were engaged in occupa- 
turn such as “beauticians, hairdressers 
and cosmeticians” (separate from 
“barbers”) had a 6 times increased 
lisk of lung cancer compared to mat- 
ihed controls. Epidemiological sur¬ 
veys in Leeds (UK), New York and 
New Orleans (USA) have revealed 


excess bladder cancer among hair¬ 
dressers and beauticians. 

It has been estimated that a cumu¬ 
lative dose of hair dye chemicals absor¬ 
bed in humans after 10 years of mon¬ 
thly hair dyeing may range between 
to mg/kg to 100 mg/kg body weight. 
Even though there is no conclusive 
human data that this dose will entail 
a higher risk of cancer, similar levels of 
a cumulative dose of the related chemi¬ 
cal benzidine in industrial workers, 
has been shown to induce a statisti¬ 
cally significant increased rate of blad¬ 
der tumours. The direct association of 
hair dyes with human cancers will 
also be obscured because of the long 
latent period involved (haii* dyes have 
come to widespread use only recently) 
and other competing factors such as 
cigarette smoking, environmental pol¬ 
lution, etc. However, laboratory and 
correlative evidence are strong enough 
to provide a warning before it is too 
late. 

Teratogenic effects 

Teratogenic effects are those which 
are produced in the fetus, when the 
pregnant mother is exposed to a toxic 
agent. Even though nature has provided 
what is known as a placental barrier 
to protect the fetus from toxic effects 
of chemicals present in a mother’s 
blood stream, it is unfortimately not 
impermeable to all toxic chemicals at 
all times. Some of them can 
penetrate the placental barrier and 
reach the fetal tissue. The human 
fetus, as it can be expected, is known 
to be about 50 times more sensitive 
t han adult s. Since hair dyes are used by 
many women and possibly during preg¬ 
nancy also, their teratogenic effects 
have also been investigated. Earlier 
reports ha\'e shown that some of the 
semipermanent dyes were not terato¬ 
genic in rats and rabbits. However, 
it has recently been shown that 2-5- 
diaminotoluene, which is an active in¬ 
gredient in some oxidative-t3rpe hair 
dyes, when fed a single dose of 50 mg/kg 
body weight on various days of preg¬ 


nancy produced several fetal abnor¬ 
malities ranging from low incidence 
of excencephaly and prosoposchisis 
to a high incidence of skeletal mal¬ 
formations. On an equivalent dose 
basis, even though this is higher by 
about 500 times compared vtrith the 
amount of 2-5-diaminotoIuene which 
can be absorbed through the scalp in 
one hair dye procedure, it should be 
noted that occasionally human beings 
are more sensitive to certain chemicals 
than arc some experimental animals. 
For example , humans arc 60 times 
more sensitive than mice and 700 times 
more sensitive than hamsters to thalido¬ 
mide teratogenicity. Hence, such labo¬ 
ratory experiments, though necessarily 
conducted at doses higher than equi¬ 
valent human doses, cannot be dis¬ 
carded as irrelevant when exposure of 
millions of human beings is involved. 
This is further so when we realise that 
human sensitivity itself varies over a 
wide range. 

Other cosmetic products 

Stirred by the results of investi¬ 
gations on hair dyes, researchers of 
Massachusetts Institute of Technology 
hav e shown that similar hazards may 
exi<.t in the use of other cosmetic 
products such as hand and body lot- 
ion*i,hair shampoos, etc. They contain 
a cliemical called n-nitrosodiethanol- 
arrjnc (NDEIA), They have pointed 
out that NDEIA which is known to 
produce liver tumours in rats and many 
other species tested so far may be 
prescAt in these products in the range 
of I nanogram/gm to 48,800 ng/gm. 
It is possible that a significant amount 
of NDEIA could be absorbed through 
skin. 

Legislative ban 

The Federal Drug Administration 
TFDA) of USA has required cancer 
warning labels on hir dye formulations 
which contain as active compounds 4- 
met hoxy-m-phcnylcndiamine(4A£MPD) 
and its sulfate salt (4MMPDA). Other 
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formulations are under close study. 
However, even though the hazards 
of hair dyes are being dicussed in the 
scientific literature, such legislative 
actions have not yet becntakenby any 
other country, including India, 
It is for the individual users to take the 


decision based on available scientific 
information. 

M.S.S. Murthy 
Division of Radiological Protection 
Bhabha Atomic Research Centre^ Trombay 
Bombay ~40008 j 


Artificial sugars and 
bladder cancer 


P REVIOUS animal and human 
studies implicated artificial sugars, 
such as saccharin and cyclamate, as 
potential factors for human bladder 
cancer. This implication has been 
further strengthened by a recent study 
of the U.S. National Institute of 
Cancer. In this study, some 3,000 
bladder cancer patients and 6,000 
other persons, matched for age and 
sex, who did not have the disease, were 
interviewed. As bladder cancer is more 
common in men than in women, three 
out of four those interviewed were mcn. 
The study found a 60% increased risk 
of bladder cancer in heavy users of 
artihcial sugars, namely, persons who 
consumed two or more cans of diet 
drinks or six or more daily servings of 
an artificial sugar. The study also found 
that women who never used artificial 
sugars had 60 % less bladder cancer 
than women who consumed artificial 


sugars or diet drinks, and that the risk 
rose with the amount of artificial sugar 
used. Another finding of the studj’’ was 
that smoking, itself considered a cause 
of bladder cancer, was even more a 
risk when combined with artificial 
sugars; the risk seemed to be greatest 
in men who smoked two or more packs 
(each pack containing 20 cigarettes) 
a da)' and women who smoked more 
than one pack a day. However, the 
study could not pinpoint which 
artificial sweetener was to blame 
because many of the people interviewed 
had used both saccharin and cyclamate. 
Saccharin became popular when 
cyclamate was banned in the U.S.A. 
in 1970. 

R.K. Datta 
Beth Israel Medical Center 
Neev York, NY.^ I 0003 ,USA 


An insulin delivery 
system to match 
blood sugar 

P^OR treatment of diabetes, a rc- 
liable method is yet to be developed 
for delivery of insulin in amounts 
that correspond more accurately to 
the body’s need for this hormone. The 
most commonly used method of 
delivery of insulin by daily injection is 
said to be relatively crude, because the 
dosage usually fails to correspond to 
the body’s changing need for the 
hormone. Failure to regulate insulin 
delivery allegedly causes significant 
tissue damage leading to blindness, 
heart attack and other ailments. 
Recently, M. Brownlee and A. 
Cerami of New York’s Rockefeller 
University invented an in^)roved 
chemical method of insulin delivery. 
The invention involved a new chemical 
compound that releases insulin into the 
body in doses that correspond precisely 
to the amount of sugar in the blood. 
The new compound was an insulin 
derivative with an attached sugar mal¬ 
tose. Used in combination with a 
plant lectin, the new compound reacted 
to the presence of blood sugars by re¬ 
leasing corresponding amounts of insu¬ 
lin {Science, 206, H90, 1979). In animal 
expieriments, the insulin-maltose 
compound was nearly as effective as 
the unmodified hormone in lowering 
blood glucose. 


R.K. Datta 
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cyc& iuld long filiform antennae. They 
possess chewing xnoutbparts. They 
also known as bristle-tails, because of 
the three slender appendages emana- 
ing from the rear of the abdomen. 
Small rudimentary are borne at the 

sides of the abdomen. These legs are 
in the fotm of protuberances (styli) 
and may often have vesicles which 
arc thrust out, by means of blood 
pressure. It is believed that moisture is 
taken up through them. 

Life history 


The silverfish 


The reproductive system and the 
behaviour associated with it, makes 
fascinating study. The sexes are sepa¬ 
rate. 


TJj^HILE leafing through old 
^ books, one might occasion¬ 
ally come across a tiny silvery 
insect, darting away rapidly into 
the interstices of the volume. All 
attempts to locate it will probably end 
in vain. Lepisma sachharina or the com¬ 
mon silverfishes are household pests, 
included among the Apterygotan 
insects (insects without wings) under 
the group Thysanura fringe; 

f/ra^tail). 


Habitat 

They are mostly found in cool, 
damp places. They shun light and arc 
very fond of starchy and sugary matter. 
Even though they are minor pests, they 
do pose a threat to housewives who have 
a tou^ time getting rid of them. 

Structure 
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They rangein size from2cmto4 cm 
The body is elongated, spindle shaped 
and depressed. They arc silvery grey 
in colour almost harmonising with 
their surroundings. The body is uni¬ 
formly covered with gleaming scales. 
l"he head bears reduced compound 



Fig. !-► 
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In most of the species of Lepisma- 
tidae, the males are far less common 
than females and apparently new indi¬ 
viduals are produced ftequently from 
unfertilised eggs by the process of 
parthenogenesis. 

Silver fishes exhibit an elaborate 
and bizarre pattern of courtship. The 
male attracts the attention of his part¬ 
ner by brushing past his body against 
her legs which at once responds to this 
overture. Gradually he guides his part¬ 
ner to a spermatophore (a case or cap¬ 
sule containing spermatozoa) which 
he has previously deposited on the 
substrate. The spermatophore is link¬ 
ed with a series of threads (Fig. r) 
which restricts the movements of the 
female. The female which has been 
stimulated by the brushmg action, 
finally seizes the spermatophore by 
her genitalia. Sexual rivalry is not 
uncommon. The n*iale lepisma often 
fights over a female 

Sexual maturity is reached within 
a year or so. The eggs are relatively 
large and are laid singly in cracks and 
crevices, mostly out of sight. They are 
often disguised by tiny bits of craps 
that stick to diem. 

Metamorphosis is less. The 
young ones that hatch out from the 
eggs resemble the adults, except m 
size and in minor details like absence 
of scales, siyli and external genitalia. 
An interesting feature is their post- 


^HE most iaterestiog topics in 
biok^ arc related with the gene- 
deal principles of transmission of 
characters from parents to offsprings. 
How character transmission occurs 
&om genctation to generation was for 
the first time clearly described by 
Gregor Mendel—an Austrian monk 
from his experimenrs on peas. His two 

^AY 1900, 


imaginal eedysis, that is they grow 
and moult even after maturity. The 
female lays a batch’of eggs and moults 
again. Continuing in this way, alter¬ 
nately moulting and laying ^gs, she 
will moult upto 50 times and will 
increase three times in size. 

In the tropica] species the life cycle 
is shorter being about a year and the 
insects may pass through 6 or more 
instars (nymphal stages) whereas for 
those in temperate zones it may be 
two or more years. Incidentally, the 
longevity in most investigated species 
ranges fiom one to four years. This 
depends upon environmental condi¬ 
tions and is of course variable from 
species to species. 

Control measures 

Unless precautionary steps are taken, 
these insects will multiply and become 
a nuisance. They can be eradicated by 
applying contact poisons. Insecticides 
like Sevin, Ganunexane, D.D.T. have 
proved to be fruitful. 

All said and done, ignoring their 
destructive nature, a biologist would 
welcome one and observe its fascina¬ 
ting ways for hours together. 

VlJAYALAKSIiMI SWAIN 
P. G. Department of Zoology 
Utkal University^ Vani Vihar 
BhubanestvaT- 7 ljl 004 ^ Orissa 


1884) 

laws of inheritance—(i) the law of seg¬ 
regation, and (ii) the law of indepen¬ 
dent assortment together with some 
less fundamental generalisations about 
4ominance and recessiveness—are now 
firmly csublished in biology. The 
law of segregation wfaidi has been 
deduced from drosses of pea strains 
differing in one contrasting charaacr 


states chat when a pair oi alleles 
(forms of a gene) is brought together 
m hybrid union, the members of the 
allelic pair do not blend and separate 
out when the hybrid forms gametes. 
In other words, the gametes (repro¬ 
ductive cells) arc pure and contain 
only one of the alternate forms of a 
gene, e.g., tall vs. dwarf. This is also 
called the law of purity of gametes. 
The second law was deduced from 
observations on two characters at a 
time. It states that the factors for the 
two or more alternate pairs of charac¬ 
ters are segregated at the time of ga¬ 
mete formation independently of 
each other and these gametes unite 
at landom at the time of fertilization 
forming all possible combinations. 

Gregor Johann Mendel was born 
on July 22, 1822 in Heinzendorf, a 
village in the Subeten region of Silesia, 
at that time, a part of the Austro- 
Hungarian Empire now in Czecho¬ 
slovakia near the Polish borders. 
He was the second son of a farmer. 
This area had been populated by the 
German and Czech ancestry, living 
side by side who used to jutermarry. 
Mendel had this mixed ancestry 
Johann or Hansl, as he was called when 
young, used to work with his father 
Anton Mendel in grafting the fruit 
trees. While helping the father he used 
to ask questions. In the words of Hugo 
litis, the incidence at the age of 10 
(in 1832) goes like this. ‘‘Father, 
our teacher, Mr. Makitta, taught us 
today that the tree upon which you 
graft docs not change the scion. A 
small scion from a noble variety will 
grow into large branch and will bear 
fine fruits even if it gets all its food 
from a poor stock. I can't understand 
how this can be.” The father also 
did not know the phenomenon under¬ 
lying this process. Such thoughts of the 
childhood remained anchored in Men¬ 
del’s mind and years later shaped his 
way of thinking. 

Mcndd received his donenrary 
school education at his village. He was 
sent to dementary school at Leip- 
nik, thirteen miles away from his 


Gregor Mendel, the Geneticist 
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Gregor Mendel 


village, at the age of ele\'en. He topped 
ia this school and later in 1834 joined 
the High School at 7 'roppau- more 
than 20 miles away Pom his village. 
For some time while he was at thi$ 
school, he had to leave studic'. to earn 
expenses. He completed his six year 
schoohitg and later graduated with an 
excellent record in August 1840. 
With the fmancia) help of his sisters 
and from private tuitions he completed 
his two year course at Olmutz Philo¬ 
sophical Institute. In October 1843, 
he was admitted as a novice at the 
Augustinian monastery at Brunn in 
Moravia. Four years later, he became 
a priest. During this time ly; was not 
too busy, with his classical and theo¬ 
logical studies, so ho developed in¬ 
terest in natural sciences. In 1848, 
he completed his theological studies 
and one year later was appointed a 
substitute teacher in the high school 
at Znaim. Here he taught Greek and 
elementary mathematics. On the 
prompting of his chief and collea¬ 
gues, Mendel in 1850 took an exa¬ 
mination for a teaching certificate in 
science, but failed. It is thought that 
the examining board was biased be¬ 
cause he was a priest or because his 
scientific views were unorthodox, but 
;t IS mo^e likely ih^t lie was not ade¬ 
quately prepared. This comn^irtec of 


professors of Vienna University re¬ 
commended more training for him; 
consequently the abhpt of monastery 
allowed him to enter the University at 
Vienna as a student. He spent four 
terms from 1851-1853 at the Uni- 
viTsity and studied physics, chemis¬ 
try, mathematics, zoology, entomo¬ 
logy, botany and paleantology. His 
teachers of physics, mathematics 
chemistry and botany were all produc¬ 
tive research men. This mathematical 
background Jed to application of ma¬ 
thematics to biology by him. 

Mendel came back to Brunn after 
the summer of 1853 and began his 
career as a teacher in physics and 
natural history in the Brunn Modern 
School. In 1856 he again took up the 
teacher's certificate examination but 
failed because, according to litis, he 
was offended in the oral examination 
from which he withdrew. This inci¬ 
dence tells us his independent way of 
thinking. He was a popular teacher 
and his school authorities continued 
his services for twelve years as h 
: supply teacher. Later, he was elected 
abbot. 

MendePs scientific pursuit began 
in 1854 when he grew 34 strains of 
peas which he tested for their cons¬ 
tancy of characters in 1855. A year 
later in 1856 he started his famous 
hybridization programme on peas. 
According to him, his experiments 
with peas were prompted by the re¬ 
sults obtained from artificial fertiliza¬ 
tion of ornamental plants in order to 
produce new colour variants. He also 
worked on bees and mice but never 
published his results on mammalian 
genetics. 

The experiments on edible peas 
were continued up to 1863. He carried 
out his breeding experiments in mo¬ 
nastery garden. Mendel delivered his 
first report before Brunn Society of 
Natural Science on February 8, 1865 
concluding it in the March 8, 1865 
meeting. 'Phis paper was published in 
the Society's proceetlings in 1866. 
The proceedings were exchanged with 
120 other societies, universities and 

.ux 


science academics. When Mendel read 
his paper before the society there were 
no questions and no discussions inspite 
of the presence of Secretary of the 
Society, Gustav von Niessl—astro¬ 
nomer and botanist and many other 
able scientists of the time. Mendel’s 
mathcmaticai description of hereditary 
phenomenon which could be tested 
and retested was strange to the au¬ 
dience. In fact the time was not ripe 
to understand Mendel’s discovery. 
During the following 34 years, not 
one man appreciated his contribution, 
a rather surprising happening for the 
discovery of one of the most impor¬ 
tant laws of nature. 

Our infonnacion about Mendel’s 
work from 1865-1873 is derived from 
his letters to Carl von Nageli between 
1866-1873. These letters were ob¬ 
tained from Nageli’s family and were 
published by Carl Correns (1905) 
a pupil of Nageli. However, Nageli’s 
letters have been lost but there are ten 
such Icttei's from Mendel to Nageli. 
When Nageli was Professor of Botany 
at Munich, Mendel sent him a copy of 
his famous 1866 paper together with a 
letter stating that he is continuing with 
his work on the plants of interest to 
him, i.c.,Hi.racium, Cirehmand Gcum. 
Nageli did not appreciate Mendel’s 
work and never made a reference 
about him m his publications. The 
work on Hicraciwn prompted by 
Nagch who also supplied the seeds 
was. a great disappointment to Mendel. 
He concentrated for 5 years on the 
genetics of the plant. He published his 
paper on Hieracium in 1869' which 
appeared in the proceedings of the 
Brunn Society in 1870. He also wro*^e 
to Nageli on July 3, 1870 that “On this 
occasion I cannot resist remarking how 
striking it is that the hybrids of Hiera¬ 
cium show a behaviour exactly oppo¬ 
site to those of Pisum'' The fact 
underlying his failure was not clear 
till 44 years later when Swedish in¬ 
vestigators reported that Hieracium 
reproduces apomictically and hence the 
hybrids do not show any segregation. 
In addition, Mendel also studied his 
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genetic principles on several other 
kinds of plants in which he confirmed 
his laws but his failure with Hieracium 
and the encoimter with Nageli ruined 
^ his career as an investigator. 

Mendel accepted Darwin’s theory 
of natural selection and evolution. 
But to him evolution resulted from the 
combination and recombination of 
hereditary elements. He added to 
Charles Darwin's theory the most 
important material for evolution, i.e., 
the variations resulting from hybridi¬ 
zation on which struggle for existence 
and survival of the fittest operates. 

Not only thal^ Mendel worked for 
the discovery of inheritance principles, 
he was also interested in meteorology. 
He continued to record rainfall, tem¬ 
peratures, humidity and barometric 
prt^sure to the end of his life. In 1H70 
he published a detailed account of Brunn 
tornado giving physical interpreta- 
nons but it is all ihc more astonishing 
that this paper also was not given due 
recognition by academicians. 

Last years of Menders life were 
^penl in controversy with the govfcrn- 
tuenc on taxation of monastery pro¬ 
perty. He fought for it to death after 
Vi'hich compromise was w^orked 
['hough Mendel continued taking note 
of mcterological and hotiicultural ob- 
serva ions but his scientific work was 
practically over by 1871 because of 
his administrative responsibilities as 
iiead of monastery since 186S. Mendel 
died on January 6, 1884 of Bright's 
viisease. He was buried in Brunn 
'f.cntral Cemetery on January 9, 
1884. 

Till the life span of Mendel j his 
A ork, cither administrative or saentific, 
did not bear fruit. But later his laws 
were rediscovered by three scientist- in 
1900 simultaneously and independent 
liy after which his famous paper of 
t866 was uni vet sally accepted. Mon¬ 
de Ps discovery provided a stimulus to 

biological branches part^culcrly 
grnetics. Since his laws are applip.hle 

all living creatures mcluding uu- 
Jrian beings, therefore all organisms 
' \Mnwing Menddism are Mendeli 'cd 


and hence Mendel has become im¬ 
mortal so long science lives. However, 
as has been the procedure of the people 
a monument was raised depicting Men¬ 
del as a priest standing in front of peas 
and beans and with out-stretched 
hands, fingering flowerings and leaves. 
Down below the statute is the ins¬ 
cription : 


To the Investigator 
P. Gr^or Mendel 
1822-1884 


Below this is written ; Erected in 
1910 by the Friends of Science. Bet¬ 
ween these inscriptions is the figure of 
a woman and youth, who are nude and 
kneeling. This depicts the importance 
of Mendel’s genetic principles having 
an impact on human life also. 

D. S. ViRK 
Associate Prof. of Genetics 
V. P. Gupta 
Prof. & Head of Genetics Department 
Punjab Agricultural University 
* Ludhiana 


Amoeba 


ALPHABETS begin with the letter A, 

I start and end w’tth Big and small ‘a*. 

Amoeba my name, proteus my fame, 

Form and shape is never the same. 

Of Global bios, I am ABC, 

My brother in your blood is WBC. 

I am protos, I am a zoon. 

With the rains I am active soon. 

I was born when you were out of scope, 

And still you require the microscope! 

I am plasma, sol and gel. 

Call me 01 not a single cell. 

Colourless, shapeless, I am like God, 

Eating w^ithout mouth, walking pseudopod. 

No love affair, no submission, 

I prefer the way of binary fission! 

I don’t require a partner in my Life, 

I produce two daughters without any wife! 

I avoid light, chemicals I hate. 

Touch me not, earth is my fate. 

Call me rhizopod, or a sarcodine. 

Higher than flagellates, idea is fine! 

Howsoever advanced, men are mcn^tal. 

Though primitive and simple, ‘am immortal. 


Prot eus —a Greek godcss capable of changing her shape 

Bios —life 

WBC —White blood corpuscles (cells) 

Protos —first 

Zoon —animal 

Pseudopod —false foot 

Rhizopoda, Sarcodina and Fhigellata—zoological names of classes of Protozoa 
which includes very simple, mostly unicellular animals 
Plasma —protoplasm, the living fluid 


S. D. MaBajan 
Deptt, of Biology 
G. K. Gokhale Collie 
Kolhapur-iP; nO‘J 
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Puzzles 


1. The date of birth of Morarji 
Desai, the former Prime Minis¬ 
ter, is 29.2.1896. When would 
have he celebrated his first 
birthday? 

2. A saying is “every man has got 
4 choices of directions—East, 
West, North and South—to pro¬ 
ceed further from the place where 
he stands.'’ is it true for all 
places ? 

3. While bear and penguin bird live 
in polar regions. The white bear 
does not hunt and eats penguin 
bird though it is a non-vege¬ 
tarian. Why is it so? 

4. You are standing at the North 
Pole. Which of the shadows cast 
by you -one at 12.00 noon and 
another at lo.oo p.m. -will be 
greater in length / 

G. Arivarignan 
Asstt Professor of Statistics 
Presidency College^ Madras-6 


Science quiz 

I. First element in the Mendele¬ 
yev’s periodic table is hydrogen and 
the hundredth element is 
Ca) Fermium 

(b) Mendclevium 


(c) Nobelium 

(d) Einsteinium 

2. The element Mendelevium 
named alter Dmitri Mendeleyev, 
who devised the periodic table has the 
atomic number 

(a) 100 

(b) loi 

(c) 102 

(d) 99 

3. Radioactivity was first dis¬ 
covered by 

(a) A, Henri Becqurcl 

(b) Pierre Curie and Marie Curie 

(c) Wilhelm Roentgen 

(d) William Bragg 

4. The Nobel medals were first 
minted in the year 

W i«95 

(b) 1900 

(c) 1902 

(d) 1903 

5. Albert Einstein won Nobel 
prize for his work on 

(a) Theory of Relativity 

(b) Photoelectric Effect 

(c) Formulation of mass and energy 
relationship, E — tne- 

(d) Brownian motion 

6. Sir C.V, Raman won Nobel 
Prize for his work on 

(a) Diffusion of light 

(b) Nuclear physics and cosmic 
radiation 

(c) Cathode rays 

(d) Discovery of wavelength 
change in diffused x-rays 

7. The only person ever to be 
honoured twice with Nobel Prize in 
science is 


(a) Marie Curie 

(b) Pierre Cure 

(c) Irene Joliot Curie 

(d) Linus Pauling 

8. Disint^ation of nitrogen into 
oxygen and hydrogen upon bomb¬ 
ardment with a particles was the 
first nuclear reaction observed by man. 
The experiment was carried out by 

(a) Neils Bohr 

(b) James Chadwick 

(c) Werner Heisenberg 

(d) Lord Rutherford 

9. Uranium nucleus was split 
for the first time by 

(a) Einstein 

(b) Rutherford 

(c) Otto Hahn 

(d) Lise Meitner 

10. Ou December 2, 1942 the 
first self-sustaining chain reaction was 
achieved and Thereby initiated the con¬ 
trolled. release of nuclear energy. At 
that time the rcscaich team was guided 
by 

(a) Einstein 

(b) Glenn Seaborg 

(c) Enrico Fermi 

(d) Ernest Lawrence 

11. The first atomic explosion 
was set off in 1945 at 

(a) Hiroshima, Japan 

(b) Nagasaki, Japan 

(c) Alamogordo, New Mexico 

(d) Research laboratory at Chicago 
Umversity, USA 

P.K. Pabia 
Nuclear Chemistry Deptt, 
Institute of Science 
Bombay -400032 

(See page 341 for answers) 
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Perfumes 


F ragrance makes a major 
cootributioa to the cosmetic in¬ 
dustry. The Egyptians and ancient 
Hd^rcws used them for both personal 
and religious purposes. During 
Roman and Greek civilizations, their 
importance reached such a height that 
a special perfume was required for 
each part of the body and a gift of rare 
perfiimcs was a sure way to win the 
royal favour. The perfumes owe theii 
importance due to their considerable 
hygienic as well as aesthetic value, for 
they aa as true antiseptics and 

deodorants. 

The word ‘Pcrfiimc’ is derived from 
ihe Latin word ‘perfumarc’ which 
means ‘ to fill with smoke.” The 
use of perfumes is assumed to 
have origiaated in Egyptian temples 
where powdered spioes were used 
as incenses. Subsequently the 
flower petals were steeped in 
oils or fhts when the latter would 
retain a portion of the odoriferous 
principle. Later various odoriferous 
principles were blended tog^er to 
create an aocq>table fragrance and 
hence staned the perfume mdustry. 
bt its present shape a peifiune may be 
^^efined as any mixture of pleasantly 
<>floriferaus substances dissolved in a 


suitable solveot popularly known as a 
vehicle. Formerly most of the products 
used in perfumery were of natural 
origin. The tendency afterwards was 
to duplicate them by various synthetic 
methods. The consumption of natural 
produas is increasing inspite of the 
many synthetic substitutes that the 
chemist has put on the ixuirket. The 
main objectives of synthesizing these 
incenses was (a) to enhance the natural 
perfumes, (b) to reduce the price and 
(c) to introduce new notes of fragrance 
into the commonly available perfumes. 

Constituents 

There are three main constituents 
present in a perfume. The vehicle or 
solvent—which is usually a highly 
refined form of ethyl alcohol, mixed 
with water according to the solubilities 
of the oils employed. An ideal solvent 
is conisderably volatile so as to help 
in projecting the scent it carries, it is 
fairly inert and is also soothing and 
non-irritating to the human skin. 
By adding a small amount of gum 
benzoin, the natural rawness and slight 
odour of alcohol is modified or taken 
away. 

Fixative 

When the perfume substances 
are dissolved in alcohol the more 


volatile components wifi evaporate 
faster and hence the perfume will 
consist of a series of impressions rather 
than a fixed desired ensemble. To 
overcome this problem, fixative is 
added which alters the rate of evapora¬ 
tion of the odoriferous principles 
present in a perfiune. The fixative 
may or may not contribute to the odour 
of the perfume but is normally less 
volatile than the active (principle 
and hence delays and equalizes 
evaporation. Of the most widely used 
fixatives is an animal product "Castor*. 
Castor is a brownish-tirangc exudate 
secreted by the perineal glands of the 
beaver. This volatile oil is odoriferous 
due to benzyl alcohol, acetophenone 
and i-bomeol. ‘Civet* developed in 
Ethiopia is another soft fatty secretion 
of the perineal glands of the civet- 
cats. The crude civet carries a dis¬ 
agreeable odour but aging and dilution 
rendeis a sweet fioral odour to it, due 
to the formation of cyclic ketone, 
Civetone (Fig. i-I). Another cyclic 
kctonic principle‘Muskone’(Fig. i-II) 
is derived from the preputial glands of 
the male musk deer. Musk is the most 
useful of animal fixatives. Ambergris* 
is another well-known animal fixative 
obtained as a secretion of certam whales. 
Musk Zibata is a newest animal fixa¬ 
tive which is obtained fiom the musk 
rat. 
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Resinous fixatives derived from 
certain |>lants indude normal resins 
and also the pathological exudates like 
hard resins—benzoin, gums; softer 
resins —Myrrh, labdanum, balsams; 
oleoresins and some oily materials 
having terpenic constituents. Fixatives 
derived from various essential oils 
include sandalwood oil, synthetic 
fixatives, high boiling odorous esters 
like glj^cerylacctate, ethylphthalate and 
benzyl benzoate (boiling points 259^0 , 
295°C and 323*^0 respectively). Out 
of the odorous fixatives, esters of 
cinnamic add, amyl benzoate, vanillin, 
acetophenone, benzophenone and 
certain coumarins need a special 
mention. 

Odorous principle. The odorous 
principle which constitutes the major 
effective part of perfume composition 
may be derived from (a) essential oils, 
(b) isolates (c) semi-synthetic and 
(d) synthetic chemicals. Essential oils 
are volatile odoriferous substances of 
vegetable origin. Natural flower oils 
are obtained by solvent extraction 
method and the essential oils by 
distillation. 

Some of the important and highly 
priced perfume oils arc the ‘otto of 
roses’. Geranium oil, ylang-ylang, oil 
of dtronclla, lemon-grass oil, oil of 
vetiver, oil of sandalwood and the 
Lavender. The‘otto of roses* is com¬ 
monly known as ‘attar’ or rose oil. This 
is still one of the favourate perfumes 
either alone or in combination. The 
flowers are picked in early morning 
just as they are opening and are distill¬ 
ed as soon as possible. The oil is col¬ 
ourless in the beginning but turns 


yrilow or greemsh gradually. About 
9,000 kg of flowers are required to 
make .45 kg of the essence which is 
worth Rs. 1500. Very little pure otto 
reaches the market, for it is almost 
always adulterated with geranium or 
palm rosa oil which also have a rose- 
like odour. Geraniam is obtained from 
the leaves of several species of 
Pelargonium. Ylang-ylang is an im¬ 
portant oil in the perfumers’ an and 
is a constituent of almost all the 
perfumes. The name means ‘flower of 
flowers.’ The oil, having exceedingly 
delicate and evanescent fragrance is 
derived firom the yellow green bell 
shaped flowers of Cananga odorata. 
Both bitter and sweet oranges arc yet 
another source of perfumes. The 
orange oil is obtained by expressing the 
ripe pceliiigs. The leaves of Cymbopo- 
gon nardus yield a sweet smelling 
insect repellent oil known as the oil 
of Citronella which comprises of 80 %- 
90% geraniol (Fig. i-III). The leaves 
of CyndMfpogon orranit yidd a reddish 
yellow oil with a strong taste and odour 
due to the high 7o%-8o% of Citral 
(Fig. i-IV). This oil isextensivdy used 
in perfumes, cosmetics and toilet pre¬ 
parations. The rhizomes of Khuskhus 
plant on distillation give the oil of 
vetiver which is much similar to citro- 
nella in fragrance. 

Lavender is a very old perfume and 
is still one of the most popular perfumes. 
The oil is an important constituent of 
‘Eau-de-Cologne’ and other high grade 
perfumes. Lavender water, a mixture 
of the oil in water and alcohol is a highly 
{x>pular toilet article in England. The 
blue and violet flowers of violet on 


mnectatkm with hot fats yidd the 
violet perfiime. Real violet pcifiime is 
rare and expensive and it has been 
almost entirdy replaced by synthetic 
lonone (Fig. i-V) analogs. DisriDatkin 
of sandalwood {Sanushm nihitfif)yidds 
the Ckandan oil which is an exodlcnt 
fixative and is much used in blends. 
Patchoule is another perfume obtained 
from the fleshy leaves and young buds 
of Pogostemon cablin. The dark brown 
oil has a powerful odour resembling 
that of sandalwood. It is also a good 
fixative for heavy perfumes. The 
characteristic odour of Kashmere 
shawls is due to this, because the 
shawls are normally shipped in pat¬ 
chouli scented containers. 

Jasmine, carnation and rosonary 
provide the least expensive and most 
refreshing odours used in Eau-de- 
Cologne. All these oils are immisci¬ 
ble with water but dissolve in 
organic solvents readliy. In most of 
the oils there is a large quantity of 
tcrpcncs. This is especially significant 
in the case of lemon and orange oil 
with as much as 90% d-limonene (Fig. 
I- VI). These terpenes present in excess 
oxidize and polymerize rapidly on 
standing and emanate a strong terpen¬ 
tine like odour. Hence removal of 
terpenes is important because they 
also render a cloudy appearance which 
is cleared up only with a great difficulty. 
Very frequently one notices the label 
of ‘tsf’ on perfume containers which 
means terpene-and sequiterpene^frec. 

S. BHAHUMCATI 
S. Narayan 

S.C. Chhabra 
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Cervical dilator 
Isaptent 

^HE Central Drug Research Insti- 
^ tute (CDRl), Lucknow, has deve¬ 
loped a cervical dilator, Isaptent, an 
aid for termination of pregnancy a’^ J 
for gynaecological operations. 
annual demand for cervical dilators is 
estimated at 5 lakh pieces. 

The CDRT process consists in 
granulating isapgol (Plantago ovaid) 
seed husk and compressing it into 
cores of appropriate size and 
encapsulating the cores in a cloth 
tube either lined inside with a desired 
paper or coated with a thin film of 
microcrystaUine cellulose. This is 
followed by compressing the tube, 
packing it in a glass or polythene 
tube and sterilization, 

CDRl has made more than 3000 
pieces of Isaptent and supplied them 
to several clinical centres for evalua> 
tion. The results of tests in more than 
^^00 cases available so far show that a 
satisfactory degree of cervical dila¬ 
tion is achieved. Not a single failure 


has heca reported. Psyllium seed 
husk has the property of swelling up 
at least 6 to 7 times the original bulk 
when it comes in contact with water. 
This property has been utilized for 
the preparation of the product. The 
gum present in the seed husk provides 
natural lubrication. 

The main raw material is isap¬ 
gol seed husk. About 500 kg of isap¬ 
gol seed husk will be required to make 
5 lakh dilators. Gum acacia, ceUuose 
powder, fine cloth and cotton or 
polyester thread are also required. 

A core making machine (electric¬ 
ally operated), a sewing machine, 
ovens, an applicator for applying 
ceUuose coating, cotton or polyester 
thread, a compressing machine and 
a gamma radiation equipment arc 
the equipment required. 

The suggested optimum plant ca¬ 
pacity is 5000 dilators per day. A 
total capital investment of Rs. 10 
lakh would be required (fixed capital 
on building, Rs. 2 lakh; capital on 
plant, Rs. 3 lakh; and working capital, 
Rs. 5 lakh). Land requirements for 
building and storage of raw materials 
are 10,000 ft* and 5000 ft*. Cost of 
production is estimated at Re. 1 per 
dilator. 


Acrylic resin 
emulsion 

^HECentral Leather Research Insti- 
* tute (CLRl), Madras, has deve¬ 
loped a process for the preparation of 
an acrylic resin emulsion, designated 
as Binder RS. The emulsion is used 
as a binder in finished leather manu¬ 
facture. It is an important chemical 
for the leather auxiliary manufac¬ 
tures. The demand in India for this 


binder is estimated to be 400-500 
tonnes/annum; half of this demand is 
being met at present through indigen¬ 
ous production and the rest through 
imports. 

The CLRI process is quite simple 
as it requires only a stainless steel 
reactor with stirring and heating 
facility. A mixture of acrylic mono¬ 
mers in aqueous media and persul¬ 
phate, which is the catalyst, alongwith 
emulsions is copolymerized to obtain 
the acrylic resin emulsion. 

The process has been developed 
on a laboratory scale and the pro¬ 
duct has received satisfactory accep¬ 
tability from consumers like Calico 
Chemicals. The product conforms to 
IS s|>ecitications. Small quantities of 
the sample may be obtai!\ed from 
CLRI for assessment. 

The main raw materials required 
are: acrylic ester monomers (Com- 
mcricalgrade), potassium persulphate 
(pure grade) and emulsifiers (nonio- 
nic and anionic, commerical grade). 

The raw materials are not in¬ 
digenously available and have to be 
imported. 

The main equipment is a stainless 
steel reactor with provision for de¬ 
layed addition, stirring and healing. 
This can be easily fabricated ind igeno- 
usly. 

The capacity of an economical 
unit is estimated at 500 kg of the 
emulsion per day (two shifts). The 
capital outlay for such a ijnit is as 
follows: fixed capital, Rs. J,15,(XX) 
(Rs. 40,000 for building and Rs. 
75,000 for plant and machinery); and 
working capital, Rs. 5,00,000. The 
cost of production is estimated at 
Rs. 15/kg. 

The process has a high profita¬ 
bility. No effluent or pollution pro¬ 
blem is associated with the process. 
The plant is not power intensive and 
can be operated with a few people. 
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Digital grain 
moisture meter 

T Ht C entral Scientific Inslrumenls 
Organisation (CSIO), Chandigarh, 
has designed and developed a proto¬ 
type of a moisture meter to estimate 
moisture content in grains. 

The presence of moisture in grains 
poses problems for agriculturists and 
grain dealers. Storage loss is high 
and storage life is low if the moisture 
content of the grain is liigh. Also, 
milling operation tends to be diflficuU 
and unsatifactory if the moisture 
content is high. Hence the determina¬ 
tion of moisture content is important 
to those engaged in the production 
and distribution of grains. 

The principle behind the device 
is that the grains have a dielectric 
constant which varies with the mois¬ 
ture content of the grains. The va¬ 
riation in the dielectric constant is 
used to vary the effective capaci¬ 
tance of a suitable capacitor assem¬ 
bly. By measuring this capacitance 
it is possible to indicate the moisture 
content of the grains. 

The device is based on integrated 
circuits (ICs) and the final readings of 
moisture content are given on a 


3-digit light-emitting diode (LED) 
display in percentage. The device can 
measure over a range of 5%-30% 
(accuracy ±0.25% (±1 digit). An 
automatic temperature-compensating 
arrangement is also included to make 
the measurements independent of the 
variations in ambient temperature. 

As the device is assembly-orien¬ 
ted, production equipment are not 
significant. However, for testing, the 
following equipment are required : 
oscilloscope, oven, analytical balan¬ 
ce, power supply, oscillator, frequen¬ 
cy counter, LCR bridge, multimeter, 
stabilizer and varaic. All are avail¬ 
able indigenously. 


The components required for the 
fabrication of the device are : ICs, 
LEDs, transistors, diodes, zeners, 
thermistors, inductors, resistors, 
capacitors, crystals, transformers, 
PCBs and chassis. All except ICs 
are indigenously available. The ICs 
can be directly imported or procured 
through the Electronics Trade and 
Technology Development Corpora¬ 
tion Ltd. of the Department of Elec¬ 
tronics. 

For • manufacturing 300 meters 
per annum, a fixed capital (excluding 
land and building) of Rs. 0.45 lakh 
and a working capital of Rs. 1.5 
lakh are needed. 


Refined cocoa mass 


^HE Central Food Technological 

Research Institute (CFTRI), My¬ 
sore, lias developed technology for the 
production of refined cocoa mass, both 
in the form of blocks and granules. 
The product is an important ingredient 
in confi^oncry, bakery produas and 
icecreams, For production of cocoa 
mass, properly fermented and dried 
cocoa beans are graded, roasted 
batchwise under controlled conditions, 
deshelled, ground in a roll mill, 
tempered, moulded, cooled and 
packed in aluminium foil. The refined 
mass can also be cooled, granulated 
and packed in tins. 

The machinery required for the 
production of cocoa mass include bean 
grader, roaster, bean breaker, shell 


remover, grinder, roller mill, temper¬ 
ing units and moulder or granulator, 
all these items can be fabricated in the 
country. 

India’s current annual cocoa pro¬ 
duction is estimated at about 500 
tonnes, as againstthe domestic ckmand 
of about 2000 tonnes. However, it is 
anticipated that the production will 
touch 20,000 tonnes within a few years. 
A share of the world market can be 
achieved by developing the cocoa 
processing industry based on indigen¬ 
ous technology. 

To boost the development of cocoa 
industry, CFTRI had earlier standar¬ 
dized the conditions for fermentation 
and drying of cocoa beans, which fonn 
the raw material for cocoa produas. 





BOOK REVIEWS 


MODERN PHYSICS by SehgaL 
Chopra and Sehgal, Sultan Chand & 
Sons, 4792/23, Daryaganj, New Delhi- 
110002 (1980), Pp, 410. Rs 15.00 

^T^HK book deals with some aspects 
^ of contemporary physics starting 
from the theory of relativity' which 
forms the introductory chapter 
Most otlicr chapters are excer¬ 
pts with some inclusions and dele¬ 
tions here and there from an earlier 
book, Basic CdUc^c Physics written by 
the same authors. Some of the chap¬ 
ters, especially the one on Elcclironics, 
arc verbatim reproduction from the 
same book. One wonders what was the 
necessity^ of bringing out yet another 
book! The picsentation of the text 
material also leaves much to be desired. 
Even the nitroductory chapter is not 
properly written. The authors did not 
care even to define what is an inertial 
frame which is so integral to the study 
of theory of relativity. Somewhere in 
the same chapter the authors use the 
phrase “we imagine the velocity of 
light to be infinite (c-►€»).’’This is 
totally unmeaningful as the velocity of 
light has always a finite value. It is 
only in the non-relativistic limit 
(V < < c) that it can be very large as 
compared to the velocity of a material 
body or a reference frame. So the book 
needs a thorough revision without 
which it will fail to meet the require¬ 
ments of those students for which it is 
meant. 

P. K. MUKIlERJEE 


THE GROWTH OF LOGICAL 
THINKING IN SCIENCE DURING 
ADOLESCENCE by Narendera 
Vaidya, Oxford and JBH Publishing 
Co,, New Delhi, 1979. Pp. 2r<; -fxx, 
Rs. 15.00 

piEALISlNG the importance of 
^education in the fabric of the In¬ 
dian Union, three education commis¬ 
sions. namely, rhe Radhakrishnan. 
Mudaliar and the Kothari commis¬ 
sions were set up in the last three de¬ 
cades. Various colleges of education 
and an organisation like the Na¬ 
tional Council of Educational Research 
and Training are entrusted with the 
task of bringing about improvements 
in the methods of imparting education 
to the school children. Even with all 
these efforts, the results are not as 
gvK>d as one would have liked them to 
be. 

One i)f the ways of effective teach¬ 
ing is to inculcate the habit of thinking 
among school children. For this a 
knowledge of the growth of thinking 
among them is a necessary' input. The 
book in question is an attempt in this 
direction It is based on a research 
study for a Ph.D. degree carried out on 
200 school children (loo boys and 
an equal number of girls’) studying in 
grades VI to X. The students are pro¬ 
vided with 17 problems and their 
methods of problem-solving arc ana¬ 
lysed according to 87 processes of 
thinking. 

The study reported in the above 
book may prove to be of use to resear¬ 
chers in the field of education and to 
the students of educational training 
colleges. To teachers, who may wish 
to use the results of this study in their 
day-to-day class work, the book may 
not prove very useful as it is not writ¬ 
ten in a straightforward and lucid 
style. 

Naresh Kumar 

NUMERICAL PROBLEMS IN 
CHEIVUSTRY by N.N. Sarin, and 
R.N. Sarin, Sultan Chand and Sons, 


4792 / 23 , Daryaganj, New Del hi¬ 
ll 0002 , Pp. 545 , Rs 12.50 

book under review is nieaiu 
for students preparing for Higher 
Secondary, Pre-U ni versi ty, 1 ntcr- 

mediate, M.T. entrance examinaiivin 
and other equivalent examinations. 
In this 14 th edition four new chap¬ 
ters have been added to bring the 
book up-to-date. The chapters are : 
(a) Measurements, Significant Figur¬ 
es, Uncertainty Principle and Some 
Basic Concepts, (b) Oxidation- 
Reduction Reactions (Modern 

Concept); (c) Thennochemical 

Calculations; and (d) Electrochemis¬ 

try In each chapter the authors have 
given a brief account of the theory 
which is followed by principles 
involved in solving related problems. 
The authors have solved typical 
examples and have given a set of prob¬ 
lems in each chapter. In addition, 
there is a separate chapter at the end 
of the book wherein sets of problems, 
both solved and unsolved, have been 
given. Wherever necessary the au¬ 
thors have explained the steps in the 
solution of problems. Many of the 
problems, both solved and unsolved, 
have been taken from the latest 
papers of Universities, Boanls, 
I.l.T. entrance examinations, etc., 
to satisfy the diUercnt needs of the 
students. The language used m the 
book is easy to understand. However, 
there arc some avoidable printing 
mistakes. 

P. Sunderarajxn 


QUANTUM MECHANICS by 
S.L. Kakani and H.M. Chandaliya, 
Sultan Chand cfe Sons, 

Daryaganj, New Delhi- 110002 , 
Pp. 652 , Rs 27 . 50 . 

Q uantum Mechanics is the 
branch of physics which is 
essential to the understanding of the 
behaviour of crystals, molecules, 
atoms, atomic nuclei and elementary 


BOOK REVIEWS 


particles. Otherwise, also, the sub¬ 
ject is important to the students of 
B.Sc. (Honours) and M. Sc. Realising 
the need of students, Kxikani and 
Chandaliya have brought out this 
book which is suited not only for 
B.Sc. (Honours) and M.Sc. students 
of physics of Indian Universities but 
also as a reference book. The book 
may also be useful to those doing 
research in elementary particle 
physics 

The book develops the subject 
.ysieraatically. It stiirts with the 
basics of quantum mechanics and 
ends witli relativistic wave equations. 
The subject matter is the same as is 
available in all the well-known books 
on the subject. The solved numerical 
examples in each chapter as well 
as the ‘‘suggested readings” at the end 
of each chapter will no doubt be of 
much help to the students. The 
summary and the problems at the 
end of each chapter have made the 
book more useful to the students. 

The chapter on angular momen- 
lum appears more intelligible than 
AS IS presented in many other books 
on quantum mechanics. In most 
chapters, the various equations 
have been solved in so much details 
that the reader may not find much 
use of his pen and paper. The appen¬ 


1 BIOLOGICAI- APPLICA¬ 
TIONS OF SOLAR ENERGY 
Ed. by A. Gananam, S. Khshna- 
swamy and Joseph S. Kahn, Mac¬ 
millan Co. of India. 2 / 10 , Ansari 
Road, Daryaganj, New Delhi- 
110002 , pp. 214 , Rs. 75 . 00 . 

2 FROM FLOWER TO FRUIT 
by B.G.L. Swamy and K- V. 
Krishnamurthy, Tato McGraw 


dices at the end of certain chapters 
certainly add to the value of the 
book. The language in which the book 
has been written is simple and suits 
to the background of an average 
Indian student. 

The price of the book is no doubt 
less compared to those written by 
foreign authors. However, it does 
not suit an average student’s pocket. 
The elementary mathematical steps 
could have been avoided and the 
size and cost of the book reduced. 
The authors should have given 
an errata 

Su»rata Chakrauarfy 


BIOLOGICAL CLOCKS by Mano- 
rama Jafa, Publications Divisiony Super 
Bazar, Counaught Circus, New Delhi- 
iioooi, Pp. 3^^, Rs. 9.25. 

^^HE number of Indian scientists 
■■ who have attempted to acquaint 
the laymen with latest scientific ideas 
through books can be counted on fin¬ 
gertips. Still less are those who would 
care to acquaint a child or a teenager 
with the fascinating world of science. 
In fact, nobody understands that it is 
easier to lure a young mind into science 
rather than a grown-up individual, 
who has already developed an allergy for 


Books received 

Hill PuhlLshing Co Ltd., 12 / 4 , 
Asaf All Road, 3 rd Floor, New 
Delhi- 110002 , pp. 184 , Rs. 25 . 50 . 

3 SCIENCE OF ENGINEER¬ 
ING MATERIALS Vol. Ul 
by Manas Chanda, Macmillan Co. 
of India Ltd (address as above), 
pp. 232 ,' Rs. 15 . 00 . 

4 COMPUTERS, GENESIS, 
PROGRAMMING AND AP- 


saeace. The result is that our markets 
do not contain any low-priced science 
books espcdalJy meant for our child¬ 
ren. In this background, the book 
under review is welcome. The author, 
Mrs. Manorama Jafa, is not a scientist, 
but is a well-known writer in children’s 
Literature. She has consulted many 
Indian scientists working in the field 
to write this book, and she has done 
her home-work remarkably well 

“Do not disturb the pJani. It is 
sleeping”, warned the author’s mot he: 
when she touched a plant during a 
garden walk at night. This was the 
author’s firs? introduction to biologi¬ 
cal rhythm. Subsequently, she came 
to know of various other biological 
phenomena, which urged her 10 know 
more of biological clocks. Similar 
urge must today be persisting mong 
the young minds, and so this book 
would give them a brief idea of whar 
it is all about. The style of narration 
is simple and direct, which makes the 
book immensely readable foi both 
children and laymen. 

Well illustrated and nicely produ¬ 
ced, the price of the book is, however, 
too high. In particular, why this 23- 
page book should be hard-bound, the 
reviewer fails to understand. 

DrtiP M Sai wi 


PLICATIONS by N. Subra- 
rnanian, Wheeler Publishing, A 
H Wheeler & Co. Pvt Ltd.. 
Eruchshaw Building, 249 , Dr. 
D.N. Road. Bo m bay- 400001 , 
pp. 288 , Rs. 36.00 
5 OPERATIONAL AMPLIFIERS 
by S.V. Subrahnianyarn Mac¬ 
millan Co. of India Ltd (address 
as above), pp. 132 , Rs 12 00 
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Gorilla food for people 

Sir, The letter of Alex R. Tiiidi- 
mubona (S.R.. February 1980) is most 
encouraging to all connected with S.R. 
(and to me, especially), for through 
this medium the observations of an 
Indian in Zaire has reached a Zairois 
in Canada. Tbc delightful remini¬ 
scences of Tindimubona emphasizing 
the great gusto with hich he enjoyed 
the juice of '‘mufumba'’ (Rurrux 
ahysinnicus) supports my views on 
putting this plant to economic use. 
1, myself also sucked the juice and 
found it not at all unplcai»ant and a 
f:uropcan lady who partook of it at 
my suggestion said it resembled 
rhubarb in taste. 

Tindimubona writes that he will 
be interested to hear of the progress 
made in this area. I may mention that 
I tried to detect the presence of 
emodin in a piece of mufumba tuber 
I brought with me. Shibata's method 
of paper chromatography of anthra- 
quinoncs was tried. Nothing definite 
has been established about them. 
Fresh samples may be tried if 1 could 
collect some more. 

R. L. Brahmaoiaky 
Indian Statistical Institute 
Banackpore Trunk Read 
Calcutta -7 0003s 

Science against superstition 

Sir, Though the article under 
reference {S.R., January 1980) does not 
adequately deal with all the aspects 
of the subject, the authors have given 


a couple of good books in the refer¬ 
ence. In our daily life superstition 
stares u.s in the eye and deflects our 
attention from the primary cause and 
drives us to a defeatist attitude. The 
Superstioous sentiments not only make 
the gullible among us susceptible to 
financial exploitation, but also lead 
us to perpetrate some gruesome prac¬ 
tices like animal and human sacri¬ 
fices. 

Nowadays we see articles flooding 
the news-world describing dubious 
sciences like psychokcncsis (mind’s 
vital force over the matter), dianctics, 
bycanthropy, mediumistic trances, etc., 
Literature on occultism has become the 
‘in’ thing with our magazine world, 
to a large extent. 

It makes us sick that some scien¬ 
tists themselves are utterly super¬ 
stitious. We have got a clan of pseudo- 
scientists amidst us who belabour 
their beans to find some scientific 
basis for superstitions. Tromb comes 
to the rescue of astrology arguing that 
stars influence earth’s electromag¬ 
netic fields. Some physicists still raise 
their eyebrows at Uri Gcllcr m wonder 
and try to create a scientific fulcrum 
to all his gimmicks. Aldous Huxley, 
FI.G. Wells, Arthur Koestler, to name 
but few, advance their own reasons 
in suppoit of ESP A few months 
back, 1 happened to sec an article in 
The Sunday Standard, wherein the 
authoi wonders why people resort 
to complicated and costly modern 
techniques to detect underground 
water when the cheap method of using 
divining sticks is there at our dis¬ 
posal! The so-called scientific attempts 
to lift the falling Skylab by our 
ESP men and the results arc 
only 100 well-known. We also sec 
attempts from ccruin learned 
quarters to interpret and explain 
away the peculiarities of our mytho¬ 
logical fables and incidents from oui 
epic lof c in the light of modem scientific 
information and knowledge. David 
Suit fordan, the first President of 
Stanford, in his delightful book ’"The 
Higher Foolishness” coins a word, 


“Sciosophy”, meaning *‘Sbadow 
Wisdom” which the pseudo-scientists 
seem to possess. I advise readers 
to go through another interesting boc^ 
In The Name of Science by Martin 
Gardner. 

K.S.N. Krishna 
Lecturer in Botany 
Government CoU^e 
Alamuru- 53 - 323 S, E,G. Di. (A.P,) 

Viewing the eclipse 

Sir, I am a regular reader of S,R. 
and am thankful to the journal for 
publishmg interesting articles regard¬ 
ing solar eclipse (S. i?., December 
1979 and January 1980). 

On i6th February, 1980 1 observed 
the total solar eclipse wirh a simple 
telescope made by me (Fig i), 

1 could find no dii terence till 14 
hrs.zr mts. in the solar image. There¬ 
after, the lunar shadow began to cover 
the sun from lower right quadrant 
gradually. At 15 hrs. 35 mts. shadow 
covered 95% of the sun. And at Iasi 
the long awaited exciting moment 
came at 15 hrs. 38 minutes. I saw the 
necklace, i.e., the dark disk-like moon 
with sparkling light surrounding it, 
Next moment I saw the diamond 
ring at 15 hrs. 38 mts. 50 sec. at uppei 
right quadrant. The rarest oppor¬ 
tunity came at 15 hrs. 39 mts. 
which lasted for 2 mts. and a few 
seconds. The dark shadow of moon 
was visible with the pearl blue corona 
of the sun. Twinkling Venus was 
visible exactly over the head and 
Mercury between Venus and the sun. 
At the end of the totality, the diamond 
ring was again visible at the lower 
right quadrant of the sun. The shadow 
waves crept before and after totality. 
Full image of the sun was visible at 
t6 hrs. 33 mts. 

1 observed the odipsc with tde^ 
scope except at the time of totality 
and diamond ring phe n o m enon The 
home pets, dog and cat were nonnal 
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except they were lazy and lying 
on the ground, whereas the biids 
were disturbed on sudden dark¬ 
ness. 

As 1 am not in the field of astro¬ 
nomy, I am unable to cast the fcpoit 
in detail. It will be a boon to the readers 
like me, if S.R^ can collect data and 
publish a detailed report and findings of 
this famous solar eclipse. 

H.B. Deshpande 
4712 i Kulkamigalli 
Yallapur Lane 
Hubli 20 ^ Dt. Dharwad 
Karnataka 

The effect of solar eclipse 
on bees 

Sir, I am a bec-kceper and have 
twelve hives of my own. Being a regular 
member of Gobardanga Renaissance 
Institute, I have been experimenting 
different things on bees for the last 
three years and I was pwrepar- 
ed to observe the solar effect on 
them during the solar eclipse on 
i6th Fd:>ruary, 1980. 

And for that 1 placed myself near 
the hives and observed that the bees 
of the three hives completed their ^play 
flight’ an hour before the scheduled 
time. Play flight means the introduc- 
tary play of the bees. This time, nurse 
bees come out of the hive and con¬ 
front their outer enviroment. Every 
colony has some speciality and so the 
time of the play may vary from 
colony to coloiiy. In xny hives it gener¬ 
ally occurs between 2.30 pjn. and 
pan. But on that day, they took 
^heir play flight b etween 1 p.m. and 


2 p.m , th^t IS much earlier than 
usual 

The ccUpsc began at 2-47 p.m. 
and then darkness came dow'D on the 
earth slowly. I observed^ the 
bees were then coming out and 
going in. Gradually, the shadow of 
evening came. Thinking that 
darkness would appear quickly, 
1 had given artificial food for 
the bees in a weak hive. I saw with 
great surprise that the bees had 
begun to consume the given food. 

I saw a group of bees on 
the bee-entrance with pollen 
grains. It was 3-57 p.m., when the 
darkness was deep. I observed a great 
number of bees were entering the 
hives as they generally do in the 
evening time. 

After the full eclipse, when the sun 
began to come out of the shadow, 
the bees began to come out of their 
hives again. 

Solar eclipse may or may not have 
any physical eflFect on them. 
But it was observed that the queen 
bees did not stop their hatching, even 
at the time of the eclipse. 

On the 17th February, 1980, it 
was observed that the temperament of 
the bees was not normal, they were 
rather ferocious that day. 

SWAPAN ChAKRABORTY 

Gobardanga RonaUsance Institute 
P,0. Khantura 

Dist, 24-Parganas flT.B.) 743273 

Makardhwn} 

Sir, I would like to draw attentioD 
of the pharmaceutical and drug manu- 



A. 


PIN HOLE 


faciunng community m the country 
on the use of Makardhwaj in Ayui- 
vedic system of medicine. It is known 
that all compounds of mercury art 
cumulative poisons and therefore the 
continued use of mercury compounds 
by the Ayurvedic physicians appears 
to be an anomaly. I would like ro 
have the opinion of biochemists, 
ayurvedic physicians and pharma¬ 
cists in this respect. 

Ved Prakash 
Assi. Direcicr 
National Metallurgical Laboratory 
yarns bedpur-S^ 1007 

Automobiles and air pollution 

Sir, With reference to the article 
Automobiles and air pollution by 
B. Haragopala Rao (S.R., December 
i 979)3 I would like to add a few points 
from W.H.O Technical Report Series 
No. 410 of 1969. Carbon monoxide 
peaks of 100 ppm have been recorded 
at street level at important intersec¬ 
tions in the Indian metropolitan 
cities, and it is almost six runes more 
than that of Chicago (U.S.A.). The 
reason for such a high concentration 
of automobile pollution in India is 
that many of our vehicles have a high 
weight-to-horse power ratio and they 
are often, old and poorly maintained. 
The horse power of 85% of the cars 
in India is between 10 and 14, and 60% 
of vehicles are more than ten years 
dd. Also maimcnance is poor because 
spare parts arc expensive and technical 
competence is low. Consequently 
automobile pollution in India is out 
of all prcqRsrtion to the number of 
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cart in drculatioo. 

V. Srikivasan 
Deparinmnt af 'Phyriolog^ 
Jawaharlal Irtstituu of Posi 
Gradmu Medical Educaiian& 
Research^ P(mdicherry^606006 

SuperphoDc apMkcra 

Sir, N.L. Pathak, S.K. Agarwal and 
Henuaadi {S,R,, Jan.,t98o)have given 
a very interesting and informative re¬ 
view of the various types of miaopho- 
nes, including the latest one, electret 
microphone. Recently, I came across 
one German made stereo tape-recorder 
having electret microphones and 
superphone speakers, I found 
sound clarity of the superphone 
speakers was better than that of 
two way-speakers (Woofer & Twee¬ 
ter). Would you enlighten us about 
supetphone speakers in your ensuing 
issues? 

S. G. K, Murthy 
State Bank of India 
Industrial Estate Post 
Vijayavada -620007 (A.P.) 

Grey Imir 

Sir, I have read Greying of hair 
by L. K. Vasistha (S. R,, Feb. 1980) 
and would like to make following com¬ 
ments : 

(a) Hypothyroidism, and not hy¬ 
perthyroidism, is one of the causes of 
grey hair; and (b) Besides, there are 
other common causes, i.e., use of che¬ 
micals on the hair in the form of medi¬ 
cated oils, congenital albinism hypo¬ 
pituitarism, etc., which have not been 
mentioned. 

B. Af. Das Adhikary 
Post-Graduate Training 
& Research in Ayurveda 
mjSIl, A,P^C. Road 
Calcutta -700009 


Asotpiriliiim 

Sir, Thanks for publishing the 
article Aroapiriliiun—a new bacter¬ 
ial fertiliser for tropical crops by 
N. S. Subba Rao et al, (5. R.^ October 
1979). The authorhasgivenaverygood 
account of A, brasilense as a bacteria 
fertilizer. In this context, I would like 
to add that besides A. hrasilensey there 
is another species A, lipoferum 
which helps a lot in the nitrogen eco¬ 
nomy of crop plants. It has been isola¬ 
ted from most of the weed plants asso¬ 
ciated with rice in an aquatic ecos3rs- 
tcm. 

A. Upoferum shows variations in 
nitrogen-fixing efficiency depending 
upon the source. Nitrogen-fixa¬ 
tion is higher in cultures isolated 
from the roots of PisHa stratiotes, 
Marsilea quadrifolea. Euphorbia kirta 
and Boerhaavia rapens. Lower rates of 
Nt fixation have been observed in 
Lucus aspera, Coheasia anticorum and 
Cyperus species. 

M. K. Rai 
Deptt. of Biological Sciences 
University of Jabalpur 
Jabalpur -482001 


Immobiliacd cnxymes 

Sir, We read with imerest the arti¬ 
cle Immobilised enzymes—an aid 
to food industry Dec. 1979)* 
It was interesting, informative and well 
illustrated. But the article has not 
mentioned anything about enzymes 
isolated from Tliennqphiles (organism 
growing at elevated temperatures) 
which are being studied as a tool in 
enzyme engineering. These enzymes 
are heat-stable and can be handled at 
elevated temperatures without loss 


of aaivity, whereas the conventional 
enzymes can be handled only at low 
temperatures (4'^C), otherwise they 
get inaaivated. Several thermo-stable 
enzymes of industrial application have 
been studied and are under investiga¬ 
tion in laboratories. 

Mir Nasser Hussaik 
Malik: Asgher 
Madras -600014 

^Watcr-in-oir type emulsion 

Sir, In the write-up Cold crenm 
byS.Bhanumatiand S. Narayan (S.R,^ 
December 1979) on page 859, second 
column, second para line 5th, it is 
stated that cold cream is an *^oil-in- 
watcr” type of emulsion, whereas it 
is “watcr-in-oil” type emulsion. The 
main difference between the two is 
that in the former (o/w type) oil forms 
the dispersed phase and water the dis¬ 
persion mediijm Other examples of 
this type are milk, vanishing cream, 
etc. In the latter (w/o type), water 
forms the dispersed phase and oil the 
dispersion medium; for example, 
butter, cold cream, etc. 

Sanjay Kumar Hajela 
Deptt. of Chemistry 
L. R. College^ Sahibabad 
Distt. Ghaziabad (U.P,) 

Industrial electroplating 

Sir, I request you to publish an 
article on *Tndustrial electroplating’* 
of various metals. It will acquaint us 
with instruments, equipments and 
electrolytes used in industry. 

A. K. Chaudkuri 
Homah-7Hm 
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The moon 

N ew moon occurs on 12th ai 
12.16 p.m. and full moon on 28th 
at 0.24 a.m. I.S.T. The moor passes 
very close to Vcnus on loth, about 
two degrees north of Mercury on 12th, 
half a degree north of Jupiter on i6th 
about a degree north of Saturn 00 17th 
and three and a half degrees north of 
Mars on iSth. 


The lunar crescent becomes first 
visible after the new moon day in the 
evening ot* 13th. 

The moon is at perigee or nearest 
to the earth on 4th and again on 31st 
and at apogee or farthest ftom it on 
19th. 

The earth is at aphelion or far¬ 
thest from the sun on 5th. 


The planets 

Mercury {Budha) is too near the 
sun to be visible during tht first three 
quarters of the month. It is in inferior 
conjunction with the sun on 12th. 
Thereafter it reappears as a morning 
star and rises about one and a half 
hours before sunrise. It passes about 
10° south of the star Pollux (Punar- 
vasu) on the 2nd . It becomes direct 
on 22nd. It moves from Cancer 
[Karkata) to Gemini (Mithuna) by 
retrograde motion. Its visual magni¬ 
tude varies from *fi.9to +0.5 

Venus (^wAra), a morning star 
visible in the eastern sky, rises about 
two hours before sun rise during the 
first half of the month and about three 
hours before it during the second half. 
It becomes direct on 7th. It attains 
the greatest brilliancy on 22nd, It 
moves from Taurus {Vrisha) to Gemini 
{Mithuna). Its visual magnitude is 
about —4.2. 

Mars {Mcmgala) visible in the 
evening sky on the western horizon, 
sets about one and a half hours before 
local midnight during the first half 
of the month and about two and a 
half hours before it during the second 
half. It is in Virgo {Kco^a). Its visual 
magnitude is about +1*3. 

Jupiter {Brihaspati)^ visible in 
the evening sky on the western hori¬ 
zon, sets about three hours after sun¬ 
set during the first half of the month 
and about two hours after it during the 
second half. It is in Leo {Simha). 
Its visual magnitude is about —1.3. 

Saturn (Sow), visible in the even¬ 
ing sky, sets about one and a half 
hours before local midnight during 
the first half of the month and about 
two and a half hours before it during 
the second half It moves from Leo 
{Simha) to Virgo (/Cavyu). Its visual 
magnitude is about +1.4. 

{Source : Direaor, Positional As¬ 
tronomy Centre, India Meteorological 
D^tt. P-546, Block ‘N’ (1st Floor) 
New Aliporc, Calcutta-700053). 



A NY structure in the world is 
three dimensional structure, i.e., 
a space structure. These structures 
consist of two dimensional elements 
like beams, girders, portal frames 
and arches, and are interconnected in 
the third dimension to achieve stability. 
All these structures are assumed as 
two dimensional for analytical pur¬ 
poses, since the analysis of these 
structures in the three dimen¬ 
sional form is complicated. Also, in 
many structures like multi-storeyed 
frames and roof trusses, the inter¬ 
connecting members in the third 
dimension are merely provided for 
the purpose of transversing load and 
not sharing the load. 

The advent of computers makes 
it possible to analyse any complicated 
form of construaion and many 
space structures have been evolved in 
the recent years to share loads in three 
dimensions. This three dimensional 




OT SPACE 
STRUCTURES? 


load sharing is very important with 
regard to the economical considera¬ 
tions. 

A space structure may be 
defined as a three dimensional assem¬ 
bly of elements designed to func¬ 
tion in three dimensions or as a 
three dimensional assembly of elements 
resisting the loads which are applied 
at any point, inclined at any angle to 
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Besides being architectu¬ 
rally sound, space structures 
can be built from simple, 
prefabricated units by semi¬ 
skilled labour 



Fig, i. Three dimensional multilayered arrangement of strut! In Radfolaria 


the surface of the structure and acting 
in any direction. 

History of space structures 

Like any other element of structural 
engineering, the history of space 
structures is also very interesting. Like 
the shell siiucturcs, whose form has 
been derived from the egg, the space 
structures having interconnecting, 
modular, identical units have also been 
derived from the skeletons of certain 
sea-structures occurring in nature. 

R. Le Ricolais, of the University 
of Michigan, U.S. A., carried out detail¬ 
ed studies on skeleton configuration in 
certain natural forms and in I5^o 
drew attention to the geodesic type 
of spherical surfaces found in the 
skeleton structures of fauna, various 
radiolaria and algae. The perfect three 
dimensional multi-layered arrangement 
of struts in the skeleton formation c£ 


Dr. Subramanian is with the Ocean Engineering Centre, D^tt. of Civil Engineering, Indian Institute of Techndogy, Madras <»00036 


Radiotaha (Tusomafia globosa) (see 
Fig. i) has been successfully used in 
the geodesic domes. 

Alexandar Graham Bell, the inven¬ 
tor of telephone, concerned himself 
with space structures based on tetra¬ 
hedron. He developed space frames 
having combinations of axially loaded 
members. Fig. 2 shows a three-way 
space frame constructed by him using 
metal rods and connectors in 1907. 
He also mass produced prefabricated 
standardized units. 


Advantages of space structures 

The remarkable popularity of 
space structures all over the world is 
due to a number of fiictors. The most 
important ones are listed below: 

1. Shortage of qualified labour has 
put an increasing importance on 
prefabricated and industrialized form 
of construction. Space structures can 
be built up from simple, prefabricated 
units, which often are of standard size 
and shape. Such units, mass produced 
in the factory, can be easily and rapidly 
assembled at site using semi-skilled 
labour. The small size of components 
greatly simplify the handling, trans¬ 
portation and ereaioD. 

2. Large unobstructed areas 
(column-free areas) are required for 
industrial buildings, sports stadia, 
assembly rooms, swimming pools, 
exhibition halls and theatres. Space 
structures are ideally suited and 
provide unique answer to these 
requirements. They are very economi¬ 
cal for large spans. 

3. These structures arc architec¬ 
turally impressive and have aesthetic 
beauty. 

4. They have built-in reserve 
strength which makes them resistant 
to local overloading, fire resistant, 
blast resistant and earthquake resis¬ 
tant. They allow great flexibility in 
layout and positioning of columns. 
Some coluinns may even be removed 
without damaging the structural 
integrity of the firamework. 


5. Many special types of connector 
are available, and using these even 
oonq)lex space structures can be 
assembled by semi-skilled labour. 

6. They provide uniform stress 
distribution even under unsymmetri- 
cal loading. 

7. They allow the use of non- 
struccural materials like aluminium 
and plastics. 

8. They eliminate the use of com¬ 
plicated and expensive framework. 

9. Lights, airconditioning ducts 
SLod other service facilities can be 
kept inside the roof elements, and 

10. Space structures are demoun¬ 
table. 

Types of space structure 

Space structures are usually 
classified into three main groups, viz., 
skeletal structures, stressed skin 
structures and suspended structures. 

Braced domes, barrel vaults, single, 
double and multi-layer grids and 


frame folded plates arc examples of 
skeletal type. Folded plates belong to 
stressed skin system and cable roofs 
to the suspended types. 

It is very difiicult to discuss about 
ail these types in an article of this na¬ 
ture, Moreover, stressed skin systems 
and suspended systems have yet to gain 
their popularity in many countries due 
to^their connection difficulties. Hence, 
only the popular skeletal systems are 
discussed. 

Braced domes 

Domes arc the oldest structural 
forms used by man (Eskimos use domes 
for their houses). They enclose a 
maximum amount of space with a 
minimum surface and provide one of 
the most efficient structural shapes 
permitting the covering of very large 
areas in an economical way. The 
earliest example of a dome is reported 
as one belonging to the T4th Century 
B C. The development of domes is 



Fig, 2. Three-way apace frame cbnatructed by Graham Bell 
Table u Dead weights of domes 


SL 

Description 

Diameter 

Total 

Unit 

No, 


m 

toeight 

weight 




tons 

hglm* 

1 . 

Pantheon dome, Rome, built in 120-124 

44 

11,000 

-7,200 

2 . 

Reinforced concrete ribbed dome, Worclaw, 
built in 1925 

65 

6,340 

1,920 

3. 

Reinforced concrete shell over Octagonal ribbed 
vault, Leipzig, 1947 

69 

2,200 

383 

4. 

Houston steel dome, U.S A. 

200 

2,150 

80 
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closdy associated with the devdop- 
ment of available materials. In the past^ 
domes have been built in stone, timber, 
masmry and reinforced concrete. The 
nece»icy for ccsnplicated fimnwork 
to support the concrete shelb during 
the casting periods makes concrete 
domes rather costly. Hence, recent 
developments are connected with 
braced domes. 

Braced domes are composed either' 
of members lying on a surface of 
revolution or of straight members with 
their connecting points lying on such 
a surface<~an arrangement which avoids 
any obstruction of the inner space. 

Domes arc sub-divided into : 
(i) Frame or skeleton type, (2) Truss 
type or double layer type, (3) Stressed 
skin type, and (4) Formed surface type. 
The classification of braced domes, 
according to the pattern of bracing 
adopted, is extremely difficult to 
explain since great variety of possible 
types of bracings arc available. Fig. 3 
shows the five most popular types 
frequently used. 

Many interesting examples of each 
of these types of domes are existing 
in France, Japan, U.K., U.S.A., 
Russia, Ifaly and in many other parts 
of the world, the most impressive 
example of dome being the geodesic 
dome built by Buckminster Fuller 
and his associates for the United States 
pavilion at Expo *67. 

Table i shows clearly that the 
developments of new material and 
improved technology help reduce 
the dead weight and at the same time 
increase the clear span of the struc¬ 
ture. 

Barrel vaults 

A braced barrel vault is a struaure 
similar in configuration to a shell; it 
is, however, not homogenous, being 
an assembly of bars. Often, a braced 
barrel vault consists of several lattice 
trusses, which span the length of the 
barrel and are supported on end 
trusses or walls. All these lattice 
girders are interconnected by common 



Fig. 3. Different types of braced dotnek 


booms fonning a three dimensional 
system. 

Braced barrel vaults are often used 
to cover industrial buildings, swimming 
pools, tennis courts, etc. Fig.4 shows the 
six principal types of bracing systems 
used. Computer analysis and actual 
tests show that the three way grid type 
of bracing (Fig. 4e) provides 


uniform stress distribution, and because 
of its inherent rigidity, this type is 
frequently used. 

Many structures of this type have 
been built &om simple, prefabricated 
units in steel, aluminium, timber and 
concrete. Typical examples of such 
structtires ate the winter sports stadium 
in Kladno C6om x 60m} and the sports 
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layer grids used by various firms all 
over the world. Basically, there are two 
main types of double layer grids— 
lattice or truss grids, consisting of 
icuersectiQg vertical lattice girders 
and true space grids consisting of a 
combination of tetrahedra, octahedra 
. or skeleton pyramids having square or 
hexagonal bases. 

From structural point of view, the 
true space grids are superior to lattice 
grids because of their greater rigidity. 
On the other hand, however, the 
transport and erection of lattice grids 
are simpler since they consist of flat 
lattice trusses which can be stored and 
transported very easily. The flat space 
grids can provide a column-ffre roof 
system with a depth/span ratio of about 
I 20 to 1,25 and are economical for 
spans of length over 90 m. 

Many such grids have been con¬ 
structed all over the world (except 
India), and most recent examples arc 
the exhibition halls in Dussddoif, 
West Geimany, where over ioo,ooo 
sq -m. arc covered by double layer grids. 
These exhibition halls are each 30 m 
X 30m resting ai 4 comer points only! 
Fig. 6 shows the construction of a 
faaory in SouthaTi England using 
double layer grids. 

The world’s largest two-way, two- 
layer rectangular steel space grid forms 
the roof of the Osaka Expo 1968 
building in Japan- This roof measures 
292 tP X 108 m and is 30 m high. It 
weighs 4800 tonnes and was jacked up 
into position iroiu ground level. Triple 
and multi-layer grids are extensions of 
double layer grids and can be used to 
cover still larger spans. 


Difformt typtt of bracod barrol vaultn 


hall in East Berlin (59 m X 75 m). 
The dead weight of the Kladno barrel 
vault is only 18 kg/m* 

The cost of braced baml vaults 
will be considerably loss than reinforc¬ 
ed concrete shdUs, mainly because the 
braced framework is self-supporting 
■ml does not require any scaffolding 
durii^ erection. 


Gtlda 

Grids are ideally suited for struc¬ 
tures which may be imder the action 
of heavy concentrated loads. Double 
layer grids consist of two plane grids 
forming top and bottom layers, 
parallel to each ocher, and interoom- 
nected by diagonal members. Fig. 5 
diows six main types of double 


Folded plate roofs 

The beauty and elegance of the 
forms obtainable in reinforced concrete 
shells attraacd the s mention of 
engineers and archiin s 10 this 
material. These systems, can be built 
using precast reiriibrccd concrete, 
plywood, plastics, aluminium and steel. 

These systems derive most tf their 
strength fr«n their shape—their 
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Flff. 5. Dilferent types of double layer 
grids 


tures was often offset by difficulty 
of analysing such highly indetenninate 
systems. The advent of computers 
and the use of matrix methods have 
made the analysis of such structures 
very easy which otherwise looked 
impossible. Many readymade computer 
programs are available for the analysis 
oi' such struaures. The author has 
developed a series of computer pn> 
grams for different analyses of such 
structures 

Many approximate methods are 
also available for the preliminary 
design of space structures. 

Construction of space 

Another diffictdty which preven¬ 
ted the extensive construaion of space 
structures is the difficulty of joining 
together several members in space at 
different angles. But, till now, more 
than loo patented connectors have been 
developed. A few conncaors are 
extensively used all over the world and 
they include: i; Mero system, 2. Space 
de<i system, 3. Unistrut system, 
4. Oktaplatte system, 5. Nodus S3rstem, 
6. Unibat system, and 7. Triodctic 
system. 


form gives them great rigidity 
making poSsSiblc efficient use of 
construction materials of low Young's 
modulus, such as plastics and alumini¬ 
um, which in the orthodox type of 
construction would normally lead to 
excessive deflection. 

Interesting types of struaures 
have been built in many, parts of the 
world. One such is the roof over the 
SISl Building, Bangalore. 

Analysis of space structures 

The construaion of space struc- 


Fig. 6. Factory roof in England using 
double layer grids 
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Under t pio{oct> 9 pofi 3 ored by the 
CSJ.R.) the author has dcrdoped a 
prefiibricatioa system (using open wtb 
joists) far the ooQstruction of steel 
^ frame folded plate roofr. 

Trmnaportntioii naal crecdoa 

Transportation of these structures 
is easy. The single dements can 
be joioed to tom open braced trian¬ 
gles or pyramids or tetrahedrons and 
can be nested for transportation. 
Hence^ space required for storing and 
transportation is reduced considera¬ 
bly. 

The methods of erection of space 
structures arc similar to that of other 
steel structures. Three special methods 
arc also used, viz., lift slab method, 
cantilever method and a combination 
of the two. In the lift slab method, 
the frames are assembled at site and 
lifted by cranes to fix it in its fii^l 
position. In the cantilever method, 


Sdence quiz 

(t) a, (z) b, (3) c, (4) a, (5) b, 
W (7) c, (8) b, (9) c, (10) c. 


the operatioa starts fiem one support, 
^tb the use ef temporary sc^old- 
iags, the whole stniaute is built at 
the roof level. 

clnsiABa 

The savings resulting from the 
use of space scniaures can be as high 
as 30 per cent. The author has found 
that the folded plate construction can 
be used economicaliy for even smaller 
spans. The space frame concept has 
also been recommended in many 
countries for mass housing projiects 
and for multistorey building construc¬ 
tion. J.F. Gabriel, of the Syracuse 
University, U.S.A. has proposed many 
interesting projects for housing using 
multi-layer space frame construaions 
which can accommodate more than 40 
houses. To the author’s knondedge only 
a few domes txist in India. It is hoped 
that the potentials df space structures 
will be fdt very soon in India. Com¬ 


marry Kamal Kishore, the lawyer. 
Niharika’s husband will then be Kalp 
Nath who is the engineer. 


bined with creative thinking many 
more projects can be developed using 
space structures to house thousands of 
people in India economically. 
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Fig. 3 



The remaining bhz must then obviou¬ 
sly hold two silver ooim. 


Brain teasers 

1. Sec Fig. 3. 

2. Saw the board along AF and 
FG. This will require two sawings. 
Reassemble the pieces as shown in 
Fig. 4. By simple geometry it can be 
proved that the areas ABF and GCF 
are respeahrely equal to the areas 
EDH and DGH. 

3. Kamal Kishore is a lawyer 
while Kalp Nath is an engineer leav¬ 
ing KrishM Kant who must therefore 
be a doctor. SOp Nargis will^marry 
the doaoc. Now* as Namita b not 
engaged to the eng'neer, she must 

H 


4. By drawing just one coin from 
any box, the contents of all the three 
boxes can be known. Suppose that 
you have taken a gold coin from the 
box labelled SG (i.e, silver-gold). 
As the label on this box is ought to 
be incorrea> the other coin in the box 
cannot be silver; hence it should be 
gold. Thus you are able to identify 
the box comaining two gold coins. 
You can now at once tell the contcnis 
of the box marked, say, SS. This box 
cannot contain two silver coins because 
its label to to be wrong. Nor can it 
^fontain two gold coins for you have 
idenihsA that box. Therefore, it must 
contain one silver and one gold coin. 


Answers 
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I N our childhood, most of us have 
heard the amazing stories fhun our 
grandmothers how Rahu devours sun 
and moon causing eclipses and how our 
earth, which is like a disc, rests on 
the hood of the serpent BasiAi, Almost 
all the ancient civilizations had such 
crude ideas about earth and the uni¬ 
verse. In Babylon, earth was believed 
to be like a bw having a large moun¬ 
tain at its centre from which the river 
Euphrates flowed. The land is 
surrounded by seas and beyond them 
arc heavenly mountains, which hold 


there is emptiness beyond Us boun¬ 
daries, At the centre, there U a great 
central lire (Fig, i) and earth and the 
other planets revolve round this great 
Arc in circular orbits. In the orbit 
closest to the Are is a counter eanh 
and in the subsequent orbits come 
earth, moon, tun and the oth« pla¬ 
nets, In the last orbit is the celestial 
sphere containing the motionless stars, 
&rth revolves In such a way that its 
other side always faces the central 
Are and hence it cannot be seen from 
our hemisphere. Earth makes a corn- 


belief that earth it at the centre of the 
universe, and secondly attributes a 
motion to earth. These two revtdu- 
tionary ideas were later overthrown 
by the geoceiuric (in which earth is 
consideied to be at the centre c£ the 
universe) modeh forwarded by Eu* 
dmeus, Hippwetras and otbenu 
Pythagoras was abo an admacr 
of music and determined the rdatioos 
between the kngrhs of a musical chord 
and the notes emired by it. He seems 
to have hold the idea that the intervals 
between the heavenly bodies were 




MOTION 


WERE DISCOVERED 


What guided the planets in their motion around the sun 
remained a mystery for centuries till Kepler discovered 
his famous laws of planetary motion 
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the sky. In Egypt, earth was believed 
to be like a shallow pan surrounded 
by a large river, A boat on this river 
carried the sun causing day and night. 

It took thousands of years to change 
these primitive ideas and the reasons 
are two fold. Firstly^ all observa* 
tions had to be performed from a mov¬ 
ing earth and^ secondly* as a result^ the 
observed movemciVs of the heavenly 
bodies were not absolute but relative to 
this moving earth. It was rather im¬ 
possible for the primitive man to attri¬ 
bute a motion to earth as its move¬ 
ments cannot be felt. So man bad to 
wait to overcomp these hurdles by 
means of keen observation and intelli¬ 
gence. 

The oldest scientific model of the 
universe was presented by the Pytha- 
gorian school but this model is usually 
attributed to Philolaus (475 B.C.). 
According to this model our universe 
is finite and spherical in shape and 


plete rotation around the central fire 
in twentyfour hours causing day and 
night. The interesting part of the mo¬ 
del is that it includes an invisible and 
opaque counter earth- Pythagorians 
believed in some mystic powers of 
numbers and attributed number five 
to colour, six to cold, seven to health 
and so on. Perhaps, this belief was 
imported by Pythagoras himself from 
China. For, by including the celestial 
sphere, total number of heavenly 
bodies becomes nine. Pythagorians 
were not ready to accept that the crea¬ 
tion of God could be of such an in¬ 
complete figure nine. They, therefore, 
made it a sacred number ten by in¬ 
cluding an imaginary counter earth. 

The merits of the model arc two 
fold. Firstly, it ignores the cornmon^ 


determined by the musical harmony. 
In this context, it would be relevant 
to mention ^that the theorem of geo* 
metry attributed 10 him was already 
known in India and Egypt. 

Eudoxus (408-355 B.C.) was a stu¬ 
dent of Plato’s Academy and was a 
believer of geocentric universe. He 
imagined large concentric and invisible 
spheres and thought that each planet 
is attached to a point on the equatorial 
circle of these spheres. Further, these 
spheres rotate about a fixed axis 
(diameter). All the planets, as a matter 
of fact, revolve round the sun in an 
anticlockwise fashion. But as we ob¬ 
serve them from the moving earth, 
their movements are seen to be greatly 
non-uniform. Sometimes they seem to 
move Very fast, sometimes slow and 
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Fig. 1. Universe of the Pythagorian school 


Bometimcs appear to be standiog sdll. 
Moreover, they are somedmes seen to 
retrograde C*bakra gati*’ in Indian 
astronomy). This non-uniform motion 
of the planet was a great problem to the 
astronomers of the geocentric school 
and Eudoxus tried to explain it by 
introducing some form of interaction 
between his imaginary spheres. In 
certain cases, some idle spheres were 
also introduced for this purpose. In 
all he considered 27 spheres and pla¬ 
ced the motionless earth at the centre 
of these spheres. 

Aristotle (384-322 B.C.) was an 
admirer of this model and argued that 
as fire is lighter it cannot occupy the 
central position and for that a heavy 
mass is needed. Furthermore, he thou¬ 
ght that there is a celestial intelligence 
to move these spheres. 

If the model of Eudoxus is accep¬ 
ted the distance between a planet and 
earth should remain conistant through¬ 
out a year and so also the brightness 
of planets. But Heracleides (388-315 
B.C.) noted a considerable change in 
brightness in Venus and Mercury. So, 
he considered two separate orbits for 
these two planets around the sun and 
kept all other planets revolving round 
earth (Fig. 2). 

The man who tried to reach the 
truth with the help of observational 
data and mathematics avoiding con¬ 
ventional beliefs and ideas was Aristai- 
chus (310-230 B.C.). He was a disciple 
of Straton and was older thsm, Arche- • 
medes by 23 years. He is renowned 
for his heliocentric (with sun at the 
centre of the planetary system) model 
of the planetary S3rstcm and is known 
as the Copernicus of the antique. To 
improve the accuracy of observations 
he also designed some new instru¬ 
ments. 

On the half moon day he found that 
the angle 0 between the lines obtained 
by joinmg earth and sun (ES) and earth 
and moon (EM) is 87*" as shown in 
Pig. 3 (actual value is 89® 50'). Hence 

Cos 0 »EM/ESdK 1/19 


sun from earth is approximately 19 
times greater than that of moon 
from earth. He also observed that the 
angular diameters of sun and moon 
are nearly equal to 2^. From these two 
observations he found that the diame¬ 
ter of sun is nearly 6.7 times the dia¬ 
meter of earth and the diameter of 
earth 2.85 times the diameter of moon. 
So the volume of sun comes out to be 


nearly 300 times that of earth. It ap¬ 
peared to him that sun being so large 
caimot move roimd the earth and pla¬ 
ced the sun rightly at the centre of the 
planetary system. In spite of errors in 
his calculations^^ he is to be credited for 
his scientific approach. His conclu¬ 
sions about the universe are as fol¬ 
lows: 

(i) The radius of the universe is 



Fig. 2. OrUca af Mercury and Veuua according to Heraclddea 


So, he conduded that the distance of 
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or 40,000 km. (modem value 39i8oo 
km), and hence the diameter of earth 
to.be 12,700 km (modem value 12,640 
km). From these data the distance of 
sun was found to be 14.72 x 10^ km 
(modem value 14.88 x 10^ km). 

Eratosthenes also measured the 
degree of obliquity of the ecliptic with 
great accuracy. This ecliptic is the path 
on the celestial sphere which the sun 
seems to follow during a complete 
solar year (sec Planets ud their posi¬ 
tions on page 363). He also included 
a leap year and believed in the exist¬ 
ence of a vast land (now America) 
on the othci side of the hemisphere. 


extremely large in comparison to the at summer solstice, the sun is exactly 
distance between sun and earth; in the Zenith at Syene (now Aswan) 

(2} the sun and stars arc motionless; when it is 7"" 12' south of the Zenith 

(3) earth and the other planets move at Alexandria (Fig. 4). So he decided 
round sun in circular orbits; and that Alexandria is 7"" 12'north of Syene 

(4) in comparison to the vastness of on the earth’s surface and thus discov- 

the universe, sun and earth are no- ered the method of locating a place on 
thing but points. the surface of the earth by Its latitude 

From the above observational data and longitude. Furthermore, since 
of Aristarchus it becomes evident that, 7*^ 12' is equal to 360750 the circum- 
if by some means the diameter of earth ference of earth should be nearly 50 
can be measured, the actual diameters times the distance between Alexandria 
of sun and moon and so also their dis- and Syene. Since Syene is 500 stadia 
tanccs from earth can be estimated, or 800 kilometers south of Alexan- 
This task was done by Eratosthenes dria, he found the value of the circum- Galileo 

(273-192 B.C.). He observed that ference of the earth to be 2500 stadia 

He was the director of the great Public 
Library of Alexandria, became blind 
in old age, and committed suicide by 
voluntary starvation. 

Unfortunately, these scientific me¬ 
thods of Aristarchus and Eratosthenes 
were abandoned later, and the helio¬ 
centric conception of the planetary 
motion was replaced by the geocentric 
models of Hipparchus (190-127 B.C.) 
and Ptolemy (?). The chief argument 
against the hdiooentric model was 
that, if earth is supposed to move 
round sun, there must be an iq>parent 
change in position of the stars, called 
^*pardlax”, due to the movement of 
earth. But no such shifts were obser¬ 
ved by the then astrorxomers. Second- 
ly. Aristtidiu. c^dnot est^tohhi* 
C«iot to teak) M «*amMr aolsdM (d = 7 °n' aitt) discomy Ml fitm mathcfluacsl 

an 
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grounds whereas Ptolemy^ by means of 
complex geometxical constructions, 
was able to reduce the discrepancy bet* 
ween theory and observation within 
the acceptable limits. 

Ptolemy was a disciple of Hippar¬ 
chus who was a firm believer of the 
geocentric universe. Hipparchus is 
famous as the discoverer of the faa 
that the intersecting points of the 
ecliptic and the equator, called equi¬ 
noxes, are not fixed but shifts by a 
very small amount per year. The phe¬ 
nomenon is known as the piecession 
of the equinoxes. Bur nowadays it is 
believed that the Hindu astronomers 
were aware of this faa prior to Hip¬ 
parchus. Hippaichus also discovered 
that moon does not revolve round the 
earth in the same plane in which earth 




Kepler 

moves round the sun and as a conse¬ 
quence eclipses do not occur every 
full-moon or new-moon days. He also 
calculated the length of a solar year 
within the accuracy of 6.5 ntinutes. 

Almagest is the chief work of Pto¬ 
lemy and this work ruled over the 
study of astronomy in Europe for near¬ 
ly 15 centuries. The universe of Pto¬ 
lemy is geocentric. He explained the 
irregular, complex motion of planets 
by two new concepts --<lcfereat and 

Plg« g. Solar asratem of Copamicita (not 
to acalc) 


Fig. 5. The centre of the circular orbit U ato but earth is shifted to the point 
' and the resultant eccentric orbit is called a deferent. The small circle 
with the centre at P Is called an epicycle and the planet is at P' on the 
circumference of the epicycle The periods of revolution along the 
deferent and the epicycle are same 
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Fig. 7. Solmr system of Tycho Brahe. Sun and moon move round the earth 
which is at the centre of the universe where as the other planets move 
round the sun 


epicycle. He considered circular orbits 
for planets but assumed that they ac¬ 
tually move along a smaU circle with 
the centre on the original orbit 
(Fig. 5). This small circle is called ah 
epicycle. On the other hand, earth is not 
placed at the centre of the concentric 
orbits but slightly displaced. The re¬ 
sulting eccentric orbits are called de¬ 
ferents. He further assumed that the 
periods of revolution of a planet along 
the deferent and the epicycle are 
same. By adjusting the degree of ec¬ 
centricity of the deferent and the size 
of the epicycle, he was able to reduce 
the discrepancy between the theory 
and observations within the limit of 
experimental accuracy. For example, 
accuracy was virithin lo'' of arc in the 
case of moon. 

From the time of Ptolemy to Re¬ 
naissance the theories of Aristotle, 
Ptolemy, etc., were considered to be 


imquestionable and hence no new ob¬ 
servations were made. Throughout 
these “Dark Ages” no new idea came 
forth and this was partly due to the 
influence of the powerful Christian 
dogma that the universe is geocentric. 
But during Renaissance, new obset- 
vations began under the leadership of 
Nicholus of Cusa (1401-1464 A.D.), 
Georg Peurbach (1423-1461 A.D.), 
and others. According to Nicholus, 
the universe is infinite and so cannot 
have a centre. He also believed in the 
diurnal motion of earth. Georg Peur¬ 
bach was a professor of mathematics and 
astronomy m the University of Vienna 
and discovered many errors in the Ai~ 
mage St. He tried to publish a revised 
edition of it but died before its com¬ 
pletion. His disciple Rcgi<7>Fno?Jitanus 
(1436-1476 A.D.) took the mb and 
finished it. 

At this juncture came Nicolaus 


Copernicus. He was bom on 19th 
February, 1473 at Torun (now Thom 
in Poland) and received his university 
education at Cracow in Poland and at 
Bologna and Padua in Italy. His sub¬ 
jects were medicine and law, and the 
study of astronomy and mathematics 
was his hobby. He returned to Poland 
in 1505 and obtained a cannonry in 
the Cathedral at Frauenburg (now 
Frembork, Poland). This post ensured 
him lifelong financial security. 

During his stay in Italy, Copernicus 
was attracted to the errors of the 
Almagest and became increasingly 
dissatisfied with the geocentric ideas. 
At the same time he became a firm 
believer of the heliocentric planetary 
system and was determined to cstab^ 
lish it on a firm mathematical basis. 
After 31 years of tedious labour he 
published CommentariohiSy an ab¬ 
stract of his research, in 1529. His 
fundamental propositions are as follows: 

(1) The movements of planets 
observed from earth are not absolute 
but relative as these observations arc 
made fi.om moving earth; 

(2) The celestial sphere (the sp¬ 
here containing the stars) does not 
rotate. Its apparent motion is due to 
the diurnal motion of earth; 

(3) The annual motion of sun ob¬ 
served from earth is due to earth’s 
motion around the sun; and 


A 



arc obtained by circomacrl- 
bing and inacribing the equila¬ 
teral triangle ABC. The 
proceaa may be repeated for a 
aquare; a hexagon and other 
regular geometrical ^figurca 
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Fig. 9. Kepler's imaginettoti of the 
radii ol the planetary orbits. 
The ootermost sphere repre-' 
sents the orbit of Saturn, the 
sphere inscribed into the cube 
is for the orbit of Jupiter and 
so on 

(4) Sun and stars are fixed, and 
planets arc moving round the sun in 
circular orbits. 

At the end of the universe is the 
celestial sphere. The first movable 
thing is the planet Saturn completing 
its orbit in 30 years followed, successi* 
vely, by Jupiter (12 years), Mars (2 
years). Earth (i year), Venus (9 
months) and Mercury (80 days) 
(Fig. 6). 

According to Ptolemy, the motion 
of earth was absurd. If a heavy mass 
like earth had any motion, it would 
have been broken up into fragments 
and the lighter objects would have 
flown away from it. O^^nicus argued 
that if the motion of eanh is discar¬ 
ded, the celestial sphere should rotate 
with an unimaginable velocity, which 
is more absurd. The next hurdle which 
he had to overcome was the parallax 
of stars. Copernicus said that since 
stars are at extremely large distances 
from earth, no parallax is observed. 
fThis parallax has been measured 
and is found to be within x* of arc). 

On the other hand, Copernicus 
showed that if the motion of earth is 
accepted, the complex motion of other 
planets can be easily explained, with¬ 
out the help of imaginary ideas of 
deferents and epicycles of Ptolemy. 
But as the C<q>emican orbits were 


circular, he wi» unable to explain all 
the mysteries of the planetary motion* 
It was beyond the imagiaation of Co¬ 
pernicus that heavenly bodies can 
move in an orbit other than a circle. He 
was in firm conviction that the planets, 
being the perfect creations of God, 
followed the most perfect of the or¬ 
bits, namely circles. Nevertheless, he 
tried to reduce the discrepancies to a 
minimum by placing sun at considera¬ 
ble dista^ices from the centre of the 
orbits and by considering epicycles 
for some of the planets. He took the 
help of 34 circles whereas Ptolemy 
utilized 79. 

Although his theory was against the 
Christian dogma, Copernicus did not 
face any persecution due to two rea¬ 
sons. He himself being a cannon of the 
Church, it was difficult for the clergy 
to doubt that his works will do damage 
to the Church. Secondly, he died 
in the same year 1543 (at Frauenburg) 
in which his complete work *‘Rcvolu- 
tionibus” was published. He was des¬ 
tined to have a glance of the “Revolu- 
tionibus” only on his death bed. After 
his death, the Church realized the 
real danger of his theory and banned 
it. After nearly 300 years of its pub¬ 
lication, in the year )c822, Roman 
Church declared that Copcrnican 
theory can be taught in educational 
institutions as an alternative explana¬ 
tion of the structure of the universc- 
In the history of science, the man 
who comes next is not a theoretician 
but a great experimentalist or, in other 
words, a keen observer. He is Tycho 
Brahef 1546-1601 A.D.), the father of 
modern observational astronomy. 
Without his observations it would 
have been impossible for Johannes 
Kepler to get a correct idea of the 
planetary S3rstem. This Danish Astro¬ 
nomer was born on 14th December, 
1546 at Kundstrup (now in Sweden). 
Tycho Brahe was attraaed to the 
study of astronomy when he observed 
a solar eclipse in 1560 which took 
place according to predetermined cal¬ 
culations. He made his first recorded 
observation, a conjunction of Jupiter 



Fig. 10. Kepler's law ol cooetaaey ol 
aerial velocity. Sx aiMl arc 
the loci of Che elllpee and um 
i« at St. The speed ol a plane* 
revolving round the sun 
varies in such a nauumer tbsrt 
the shaded areas P|SxPj and 
p 3 S 2 P^ become equal In equal 
intervals of time 

and Saturn, in 1563 and found pre¬ 
vious observations grossly incorrccL 
In 1572, he discovered a nova (neu 
star) in the constellation Cassiopeia 
which shook the Aristotelian doctrine 
that all changes take place within the 
lunar sphere and the space beyond the 
lunar spheie is immutable. 

Tycho Brahe built a large obser¬ 
vatory Uraniborg (the castle of the 
heaven) in the island called Hveen 
with the patronage of Fredrtch II, the 
King of Derunark. His observations 
included a comprehensive study of the 
solar system and accurate positions of 
more than 777 stars. He invented and 
improved astronomical idstruments 
and with the help of these delicate ins¬ 
truments and by his wonderful skill 
of observatioa introduced undxeamed 
of accuracy into the celestial mea¬ 
surements. Unfortunately, after the 
death of Fredrich, he had to leave 
Uraniborg in 1593. He then came to 
Prague and began to build a new ob¬ 
servatory there in 1598 with the finan¬ 
cial assistance of Rudolf, the King of 
Germany but died (1601) before its 
completion. The year 1600 is remark¬ 
able in the history of science. In this 
year Johannes Kepler came to Tycho 
Brahe. 

Tycho Brahe had a tnodd of tb^i 
universe of his o^vn which esicniiaHy 
a ccxnpromisc beiwecti the hdioceotnc 
and geocentric schools, He discarded 
the idea of earth’s me non as he wus 
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unable to measure parallax with his 
most precision instruments and pla¬ 
ced earth at the centre of the celestial 
sphere. To explain the annual motions 
of sun and moon he made them move 
round the earth and placed rest of the 
planets in circular orbits around the 
sun (Fig. 7). 

Johannes Kepler was bom m Stutt- 
gajtft , CW- Germany) on December 27, 
1571, After studying astronomy and 
mathematics in the cloister school of 
Maulbronn, at the University of Tubin¬ 
gen he became a supporter of the Co- 
pemican theory due to the influence 
of his teacher Michael Maestlin of the 
heliocentric school. In his childhood 
his father was in a rathei solvent 
condition but later on reduced to 
keeping a tavern when Kepler was 
having his university education. So 
at the age of 22 Kepler had to accept 
a teaching job in the gymnasium at 
Gratz in Steyermark to assist his father 
and insane mother. 

During his stay in Gratz, he began 
to find some relation between the 
radii of Copemican orbits. He had a 
fiim conviaion that the universe 
being a perfect creation of God it 
cannot be haphazard and there must 
be some relation between the radii 
of the planetary orbits. First of all he 
tried inscribing and circumscribing 
triangles, squaies, hexagons and other 
regular geometrical figures and sec 
if the two circles thus obtained would 
correspond with any two of the several 
planetary orbits (Fig 8). But the attempt 
was found to be a failure. It then 
came to his mind that, the universe 
being three dimensional, three dimen¬ 
sional geometry instead of a two dimen¬ 
sional one would be able to describe 
It propctly. Furthermore, since Euclid 
had shown that there could be only five 
regular solids so one can, at best, get 
six spheres inscribing and circum¬ 
scribing these regulai solids. 

The striking coincidence of this 
number six with the six planets dis¬ 
covered till that time assured Kepler 
that he was on the right track. From 
this viewpoint he represented the 


earth’s orbit by a sphere and around 
it circumscribed a dodecahedron and 
put another sphere around it. To 
his astontshment he found that this 
outer sphere coincides approximately 
with the orbit of Mars. Around the 
orbit of Mars he put a tetrahedron 
corners of which mark the sphere of 
orbit of Jupiter, and putting a square 
over it he foimd that the sphere 
circumscribing this square coincides 
very nearly with the orbit of Saturn. 
On the other hand, he inscribed 
in the sphere of the earth’s orbit an 
icosahedron and inside the sphere 
determined by that an octahedron. 
The spheres determined by the icosa¬ 
hedron and the octahedron were 
found to agree with the orbits of Venus 
and Mercury respectively (Fig 9). 

Kepler was very much delighted 
by this discovery and sent copy of 
his work to Tycho Brahe and Gali¬ 
leo Galilei. Both of them were attrac¬ 
ted by the mathematical skill of this 
young man and, as a consequence, 
Tycho invited him to Prague (1:600 
A.D.) to join his research staff. But 
this imagined discovery is purely 
fictitious and accidental. Firstly, 9 
planets are now known instead of 6, 
and secondly their real distances agree 
approximately with Keplers’ hypo¬ 
thesis. 

In 1601, after the death of Tycho 
Brahe, Kepler was placed in his posi¬ 
tion In 1604 he published his work 
on aberration caused by the refraaion 
of light in passing through the atmos¬ 
phere. In 1609, he published his funda¬ 
mental walk Astranamia Martibus 
Morris Stella containing his famous 
laws about the planetary motion. 

In Copernican theory the discre¬ 
pancy between the theory and obser¬ 
vation was maximum in the case of 
Mars. On the other hand, he had at 
his disposal a large amount of accurate 
dau for this planet collected by 
Tycho Brahe. For these two 
reasons he selected Mars for his 
calculations. He began with an eccen¬ 
tric (deferent) and an epicycle. The 
problem was to choose such ^n orbit 


and such a law of speed, for both 
earth and Mars, that a line joining 
them when extended out to the stars, 
always marked correctly the apparent 
position of Mars as seen firom the 
earth. By adjusting the d^ee of 
eccentricity and the size of the epicycle, 
he could at best reduce the discrepancy 
to 8' of arc. But due to his profound 
faith in Tycho Brahe’s experimental 
skill and supreme faith on the accuracy 
of his collected data he could not 
neglect this S'. He began to think 
whether a variable speed could reduce 
the error or not. In doing so he divi¬ 
ded the eccentric orbit into triangles 
of equal area <and found that the 
error reduces if the line joining the 
sun and the planet is assumed to 
traverse these triangles in equ<»l inter¬ 
vals of time. But still he was feeling 
very uneasy as his theory was unable 
to reduce the error within the experi¬ 
mental accuracy of Tycho Brahe. 
Fortunately he observed that if the 
planet is made to oscillate along the 
diameter of the epicycle instead of 
rotating it along the circumference, 
the discrepancies vanishes as if by 
magic. He further noticed that if the 
planet makes one complete oscilla¬ 
tion along the diameter of the epicycle 
during which it makes one complete 
rotation along the deferrent, the 
resultant path becomes a well-known 
curve, namely, an ellipse where the 
eccentric point coincides with one of 
the foci of it. Thus he discovered first 
two fundamental laws of the planetary 
motion that; (i) the planets move 
round the sun in elliptic orbits keeping 
sun at one of its foci, and (2) the line 
joining the planet and the sun sweeps 
out equal area in equal intervals of 
time (Fig. 10). 

The second law is generally known 
as the law of constancy of areal velo¬ 
city. 

Still, he could not get rid of his 
firm bdief in the existence of a 
geometrical relation among the radii 
of the planetary orbits and, indeed, 
discovered the third law, 9 years after 
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the first two laws were discovered^ in 
persuasion of this belief. According to 
this law if r be the time for one com-' 
plete revolution and d be the average 
distance of a planet from sun^ t* a d* 
or r* «=» Kd^. 

Kepler’s laws have been rigorously 
tested for all the planets and moon 
and have been found to be true even 
in the case of the satellites of Jupiter. 
The single exception is Mercury, but 
this is out of the scope of the present 
discussion. Kepler’s laws enabled 
Isaac Newton to formulate his gravita- 
tional theory. Indeed, Kepla himself 
tried to establish some form of pro¬ 
pelling fotce emanating from thestm, 
like the spokes of a windmill, to 


make the planets move round the sun 
instead of the old ideas that the planets 
are carried round by angels or celestial 
intelligences. He also founded modern 
optics by postulating the ray theory 
of light. 

Unfortunately, this sick and 
unhappy man had to fight against 
poverty throughout his life. During 
his latter years of stay in Prague, he 
had to run his family without any 
salary for years. During these days 
his only source of income was astro¬ 
logy or fortune telling. His wife and 
three children died of poverty and 
then he decided to leave Prague for 
Linz with a professorship. But on the 
way he died at Wurtemburg on 15th 


November, 1630, unnoticed and 

pennylcss, in the midst of a political 

turmoil. 
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G amma rays, x-rays, ultraviolet, 
visible and infrared light, micro- 
waves and radiowaves arc all electro¬ 
magnetic radiations of dilferent wave¬ 
lengths and energy. They are, how¬ 
ever, similar in one respect. They travel 
in space with the same velocity, i.e., 
2.90 X 10'^ cm/sec. Our discussion 
here IS confined to radiation of ultra¬ 
violet-infrared region which is com¬ 
monly used in analytical chemistry. 


The nature of radiations and their 
corresponding wavelengths arc given 
in Tabic 

Ultraviolet and visible absorption 
spectra 

The absorption of light energy by 
organic compounds in the ultraviolet 
and visible region involves promotion 
of electrons in o , and n-orbitals 


mairdy located in atomic orbitals of 
oxygen, sulphur, nitrogen and the 
halogens. 

The electronic transitions (—►; 
which are involved in the ultraviolet 
and visible regions are of the foUow-^ 
ing types : 

and 

The energy required for the e—►a* 



ELECTROMAGNETIC RADIATIONS 
IN ANALYTICAL CHEMISTRY 


H. C. CHAKRABORTTY 


When a molecule absorbs 
Ught energy, it increases its 
internal molecular energy in 
a variety of ways. A study 
of the absorption spectra 
can give information on its 
formula, structure and sta- 
biUty 


Molecules possess three types of 
internal energy needed for absorption 
spectroscopy : electronic, vibrational 
and rotational. When a molecule 
absorbs light, it increases its internal 
molecular energy in a variety of 
ways. Fig. i indicates different 
types of energy transformations. 
The various molecular energy states 
are quantized and the amount of energy 
necessary to cause the various types of 
transitions generally correspond to 
definite regions of the electromagnetic 
spectrum. Electronic transitions 
corrcspKDod to the ultraviolet and vi¬ 
sible regions, \dbrational transitioas 
correspond to the near infrared and 
infrared regions, and rotational transi¬ 
tions correspond to the infrared and 
far infrared regions. A study of the 
absorption spectra can give informa¬ 
tion about the formula, structure and 
stability of absorbing species. 


from the ground state to the higher 
energy states. These higher energy 
states arc described by molecular or¬ 
bitals which are vacant in the ground 
state and are called antibonding or¬ 
bitals. The antibonding orbital associa¬ 
ted with the a bond is called the a* 
(sigma star) orbital and that associated 
with the n bond is called the n* 
(pi star orbital). As the n electrons do 
not form bonds, there are no anti- 
bonding orbitals associated with them. 
Non-bonding or n electrons are 


transition is very high. Compounds in 
which all valence shell electrons arc 
involved in single^bond formation, 
such as saturated hydrocarbons, do 
not show absorption in the ordinary 
ultraviolet region. 

Molecules containing multiple 
bonds produce absorption in the near 
ultraviolet region. Isolated double 
bonds do not give strong bands but 
when conjugated systems are present, 
the bands are strong and in the longer 
wavelength region. The main use of 
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TRANSITIONS TRANSITIONS TRANSITIONS 
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Tabic I. Radiations and their cor¬ 
responding wavelengths 


Radiation 

Wavelength (^) 

Ultraviolet 

2000-4000 

Visible 

4000-7500 

Near Infrared 

7500-15 :< I0< 

Far Infrared 

15 X 10*-100 X 10* 


the ultraviolet absorption spectra is in 
the detection of the conjugation and 
the elucidation of the nature of the 
conjugated systems. 

Some terms arc used in ultraviolci 
and visible spectroscopy A chio- 
mophore is a structural feature which 
produces light absorption in the ultra¬ 
violet region or produces colour in the 
visible region. An auxochrome is a 
group which increases the absorptivity 
of a chromophore. Compounds posses^ 
sing similar structure show similar 
absorption spectra. Hence the struc¬ 
ture of a new compound may be inter¬ 
preted by comparing its absorption 
spectrum with the spectrum of known 
comjxiunds. 

In order to obtain useful informa¬ 
tion from the ultraviolet or visible 
spectrum of a compound, the pro¬ 
cedure followed is to measure accu¬ 
rately the wavelength of maximum 
absorption and also the intensity of the 
absorption. The compound is dissol¬ 
ved in a suitable solvent and the solu¬ 
tion is placed in a cell which is trans¬ 
parent to radiation in the region to be 
studied. Glass cells are used for the 
visible j-adiation. Quartz ceils are used 
for the ultraviolet radiations as glass 
absorbs ultraviolet light. The cells 
commonly used have i cm path length. 
Modern spectrophotometers provide 
a plot of the intensity of transmitted 
or absorbed light versus wavelength. 
The hydrogen discharge lamp is used 
for the ultraviolet light (zoo mju - 
4oomfi ) whereas the tungsten fila¬ 
ment lamp is used for the visible re¬ 
gion (40Qm^-y5om^) of the spec¬ 
trum. Most of the spearophotometers 
are double beam instruments. The 


primary source of light is split into two 
beams, one of which passes through the 
cell containing the sample solution 
and the other passes through the cell 
containing the reference solvent. The 
spectrophotometer electronically subs- 
tracts the absorption of the solvent in 
the reference beam from the absorp¬ 
tion of the solution in the sample 
beam. Thus the effects due to the 
absorption of light by the solvent are 
minimised. 

Fxperimental results are usually 
reported in terms of the molar extinc¬ 
tion coefficient or its logarithm, log L. 
When the molecular weight of a sample 
is unknown, th^ intensity of absorption 
is expressed as the E[ or Aj 
value, the absorbance of a 
solution of the sample in a i cm cell. 
This value is related to the molar ex¬ 
tinction coefficient by the expression 

lo S — E[ X mol. wt. 

Infrared spectroscopy 

Molecules arc made of atoms con¬ 
nected by chemical bonds which act 
very much as springs. These atoms of 
atomic groups are in continuous mo¬ 
tion with respect to each other and 
each molecule has a specific vibration. 
There are two kinds of molecular vi¬ 
brations : 

(a) stretching, in which the dis^ 
tance between two atoms increases or 
decreases but the atoms remain in the 


same bond axis, and (b) bending or 
deformation in which the position of 
the atom changes relative to the ori¬ 
ginal bond axis. The various stretch¬ 
ing and bending vibrations of a bond 
occur at certain quantized frequencies. 
When infrared light of the same fre¬ 
quency is incident on the molecule, 
energy is absorbed and the amplitude 
of the vibration is increased. When the 
molecule reverts from the excited state 
to the ground state, the absorbed 
energy is released as heat. 

For chemical analysis of samples 
by infrared radiation, the samples are 
placed in one beam of a double beam 
infrared spectrophotometer. In such 
spectrophotometers the intensity and 
wavelengths of transmitted radiations 
are measured and compared with stan¬ 
dard wavelength (2.5/* - 15/i) or 
wave number (4000 — 650 cm~^) 
charts. The source for the infrared 
radiation is the heating clement, ni- 
chrome, which is heated to about 



Fig. 2. Schematic electronic excite- 
tloo energies 
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Fig. 3. Ultraviolet spectrum of benzene: vapour 


1500'C by electrical means. Either 
optical prisms or gratings arc used to 
obtain monochromatic light. Glass and 
quartz absorb strongly throughout 
most of the infrared region, so they 
cannot be used as cell containers or as 
optical prisms. Aieral halides (e.g., 
sodium chloride) are commonly used 
for these purposes. 


STRETCHING VIBRATIONS BENDING VIBRATIONS 

Fig. 4. Vibratory motion in a molecule 

In infrared analysis^ dry samples 
are always used as moist samples con¬ 
taining water absorb strongly near 
2-7 /a ( 3710 cm~^) and near 6.15 ^ 
(1630 cm"^). These absorptions may 
mask the absorption of the hydroxyl 
groups of the sample. 

The spectrum of a solid sample 
may be determined cither as a KBr 
“disc'’ or as a “mull”. In the former 
case about i mg of the sample and 
100 mg potassium bromide are ground 
together finely, dried to remove mois- 
ture and pressed at elevated tempera¬ 
ture under high pressure (at least 
25,000 psi) into a small disc that mea¬ 
sures about 10 mm in diameter and 
t mm - 2 mm in thickness. A clear 
pellet IS obtained which consists of a 
solid solution of the sample in potas¬ 
sium b'omide Since potassium bro¬ 


mide does not absorb infrared light 
in the region 2.5 ^ - 15 ^ , a complete 
spectrum of the sample is obtained. 
In the latter case about 5 mg of the 
sample is ground to a very fine dis¬ 
persion with a drop of suitable mulling 
agent, such as liquid paraffin (nujol). 
The spectrum of the mixture is then 
determined after being placed between 
two sodium chloride plates. 7 'he so¬ 
dium chloride plates arc 25 mm in 
diameter and 5 mm in thickness. The 
spectrum of a liquid sample may be 


determined by spraying the sample in 
a thin film between the plates. The 
spectra for liquids and gases may also 
be obtained with the help of a special 
type of cells. The in&ared spectrum 
gives basic information about the mole¬ 
cular structure of a compound. Or¬ 
ganic compounds consist of different 
combinations of funaional groups : 

CHa, -CO„ - CxNf, 

I I I 

O-C—, -COOH, —CS, etc. 

I I 

These subgroups have characteristic 
absorption bands in certain parts of the 
infrared spectrum and an unknown 
compound can be characterized by 
checking the presence or absence of 
one or more of these groups. The 
presence and location of absorption 
bands give information on how the 
atomic groups are assembled in the 
molecule. The region 1400-650 cm'^ 
is known as the “fingerprint 



Fig. 5. 1-ThcrmopJK. 


3 Sample cell, 4-Reference cell, 
. "-Gf spring, 8-Variable aperture 
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rcgiou*’. This region is checked for 
identification^ since it is associated 
with vibrational and rotational energy 
changes of the molecular skeleton and 
so is characteristic of the compound. 
Aliphatic compounds produce gene¬ 
rally few peaks in the spearum where¬ 
as aromatic compounds produce quite 
a large number of peaks including 
fingerprints in the spectrum. Infrared 
is used for identifying uxiknown quali¬ 
tative analysis, quantitative analysis, 
product control and permanent re¬ 


cord. It may also help study progress 
of the chemical reactions from the 
nature of the absorption spectrum. 
As for example, a carbonyl compoCind 
can be reduced to an alcohol. If the 
reaction product shows the absence 
of the absorption band of the carbonyl 
group and indicates the presence of 
an alcoholic group, we can infer 
that the reaction is complete. We may 
also compare the identity of a synthe¬ 
tic compound with natural comp>ounds 
by superimposing the spectra of na¬ 


tural and synthetic compounds. 

Infrared anal3rsis finds application 
in agriculture, aircraft and missiles, 
air pollution, atomic energy, bio¬ 
chemistry, coal, coatings, cosmetics 
and essentials oils, dairy products, 
drugs and narcotics, education , emul¬ 
sions, food, inorganic compounds and 
minerals, medicine, petroleum in¬ 
dustry, pharmaceuticals, polymers, 
rubber, silicone chemistry, textiles, 

tobacco, toxicological analysis and 
waxes. 

Further reading 

T. Dyer, John R. Applications o) 

Absorption Spectroscopy of Or¬ 
ganic Compounds, 

2. Finar, I. L., Organic Chemistry, 

3. Gulibault, George G. and Larry 
G. Hargis, Instrumental Analysis 
Manual, 

4. Weissberger, Arnold (Ed.), Tech¬ 
nique of Organic Chemistry VoL I- 
Part IL Physical Methods of 
Organic Chemistry, 

5. Bellamy, L. J., The Infra-red 

spectra of Complex Molecules, 

6. Scott, A.I., Interpretation of the 
Ultraviolet Spectra of Natural 
Products. 


OF VIRUSES AND CANCERS {Continued from page 3 W) 


of the host cell and later its normal 
control, resulting in malignancy? It 
is true that last few years of studies 
have revealed much, but not all, and 
there remain ample areas for further 
research in this interesting field of viral 
oncology. 


Further reading 

1. Becker, F.F. (Ed.) Cancer—A 
Comprehensive Treatise Vol. 2, 
Plenum Press, NY & London, 
^ 975 - 

2. Burkitt, D.P. Wright, D. (Ed.), 
Burkitt Lymphoma, Livingstone, 
Edn., 1970. 

3 * Biggs, P.M. (Ed.) Oncognesis 


and Herpes viruses. International 
Agency for Research on Cancer, 
Lyon, 1972. 

4. Kaplan, A.S., Cancer Research, 

Vol. 33, 1393. 1973 - 

5. Zilber, L.A. & Abdev, I., The 

Virology and Immunology of 

Cancer, Pergamon Press, Oxford, 
1968. 
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TICK- 

BORNE 

DISEASES 

OF 

CATTLE 


^HE term “tick-bornc diseases’’ 
* includes diseases transmitted 
through a variety of ticks (insect 
parasites of animals). The important 
ones arc theilcriosis, babesiosis and 
anaplasmosis. The causative agents 
of these diseases are found inside the 
red blood cells of the animals and 
transmitted from one animal to the 
other, principally through the bite of 
infected ticks (Fig. i). 

This group of diseases is one of the 
main problems facing the world cattle 
industry today. About three-quaitcrs 
of world cattle population are at “risk” 
of these diseases. The economic losses 
associated with tick infections are too 
great to visualize. 

Tick-home diseases were known in 
India since early part of this century, 
but they came to limelight only dur¬ 


ing the last decade when extensive 
programme of cattle development was 
launched to bring about “white revo¬ 
lution” by introducing foreign strains 
into our indigenous animals. The 
exotic (Bos taurus) and cross-bred 
(E<}5 taurus x Bos indicus) cattle 
are more susceptible to these 
diseases than the indigenous cattle 
which has considerable resistance 
to these diseases and constitutes a 
large reservoir of the parasites. Most 
of the animals suffer during summer 
and rainy seasons though isolated 
cases may occur throughout the year. 
The seasonal incidence has been attri¬ 
buted to the higher activity of the 
vector ticks during these months and 
also to the stress of hot and humid 
climate prevailing then. 

The causative agents of theiler- 


These killer diseases of the 
cattle can be controlled by 
a simple combination of 
animal dipping and chemo¬ 
therapy 


iosis, babesiosis and anaplasmosis 
belong to the genus Theileria^ Babesia 
and Anaplasma respectively. The 
paiasitcs have an intra-erythrocytic 
form which is readily detectable under 
microscope in a stained blood smear 
(Figs. 2, 3 and 4) . 

Not much information was earlier 
available on these diseases m India. 
Whatever information we have now, 
has been gathered during the last 
decade as a result of research on these 
diseases at v’^arious centres, parti¬ 
cularly at the Department of Veteri¬ 
nary Medicine, Haryana Agricultural 
University, Hissar. 

Theiieriosis 

In India, theiieriosis causes heavy 
mortality in infected animals. Cattle 
theiieriosis is caused by four groups 
of Theileria organisms (Fig. 2), out 
of which two are found in India and 
the others in Africa, Britain, Australia, 
Japan, etc. In sheep and goats the 
disease is caused by two groups of 
organisms. 

The incubation period in TAct- 
Uria infection is 8 to 12 days 
with an average of 9 days. In fatal 
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cases the course of the disease is from 
6 to 10 days with a mean of 12 days. 
The initial symptom in theileriosLs 
is enlargement of the superficial lymph 
nodes with a marked febrile reaction 
(40-5®C to 41.5 “C). Schizont 

infected lymphocytes may be obtained 
by needle biopsy from the swollen nodes 
or from the liver. Subsequently the 
cattle rapidly become emaciated and 
aitaemic. Piroplasms can easily 
be detected in crythroc)rtes at this 
stage. Sometimes nervous excitement 
may be noticed in cerebral form of the 
disease. In sheep and goats the symp- 
coms are similar to bovine thcilcrio- 
sis. Post-mortem examination, of dead 
animals reveals markedly enlarged 
spleen and liver, kidney infarcts, 
nedema of the lungs and punched 
necrotic ulcers in the abomasum. 

The diagnosis of the disease is 
mainly based on clinical symptoms 
such as fever, enlargement of lymph 
nodes, anaemia and demoastration of 
the parasite in stained blood smears 



and Koch’s blue bodies in the lymph 
node biopsy smears. 

Chcmothcraphy of tropical theil- 
eriosis is still in infancy, and 
so far no drug has been found 
to be fully effective imder con¬ 
trolled experimental conditions. 
Success has been claimed by many 
treating clinical cases of bovine tropi¬ 
cal theileriosis in enzootic areas with 
a number of drugs, viz., berenil and 


Fig. 1, Life cycle of the three host cattle tick; A. Adult female; B. Adult male 
{adopted Jrom M. C. Cooper; Dougall A Robertson Ltd.,- Berkhamsted 
England); 1. Larvae hatch from eggs laid on the ground and attach to a 
host after questing on pinnacles of vegetation; 2. They attack usually on 
the head and muzzle and engorge with blood; 3, Engorged larvae drop 
to ground to moult; Nymphae emerge. 4. Nymhae attach to another host; 
tm the head and fore quarters and engorge with blood; 5. Engorged 
primarily nymphae drop to ground to moult. Adult males and females 
emerge; 6. They find a third host and attach usually within the ear 
pinna. Fertilization occurs on the host; 7. After her final blood meal, 
the engorged female drops to ground four to seven days after attach¬ 
ment and lays eggs. 


different quinine preparations usually 
tried in combination of tetracyclines. 
Encouraging results as reported by 
some authors might have been due to 
spontaneous recovery which is quite 
common in theileriosis. However, in 
a clinical case some beneficial effect 
may be observed with a combination 
of antimalarial and antibiotic prepara¬ 
tion along with supjxirtivc therapy. 
When the animal is very anaemic, 
blood transfusion should ^ adopted. 
Cross-matching of blood to determine 
compatibility is not often necessary fi>r 
the first blood transfusioiL However, a 
^mall amount of blood (50 ml-ioo ml) 
injected first and the animal is 


observed for about half an hour. 
If no transfusion reaction occurs, the 
remaining blood is given intravenously 
by drip technique. 

Immunology of Theileria in¬ 
fection is not very clear. Animals after 
recovery from infection by one strain 
resist reinfection with the same strain 
but may not be completely protected 
against another strain, if the second 
strain is more virulent than the first. 
Thus relapses may be seen in animals 
after recovery. 

The immunity in theileriosis is 
celt-mediated. Humoral antibodies are 
only of diagnostic significance as 
administration of immune sera to 


susceptible animals docs not alter the 
course of T. annulata infection. 

Babesiosis 

Babesiosis is another important 
disease of animals and occurs in 
cattle, horses, sheep, goats, pigs and 
dogs. A few reports have appeared in 
literature about its occurrence in 
human beings also. It has a worldwide 
distribution and is recognised as a 
serious problem of major economic 
importance. It causes losses due to the 
death, decreased production and 
lowered working efficiency of the 
affected animals. 
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A number of Babesia species 
(Fig. 3) affect the animals, and under 
natural conditions all arc transmitted 
from affected to healthy animals 
through various species of ticks. 

All Babesia species tend to cause 
similar symptoms in infected cattle 
viz., high fever (4oX-4i'’C), anaemia, 
and haemoglobinuria (haemoglobin in 
urine but B, bovis, in addition, causes 
cerebral), babesiosis which results from 
the tendency of infected erythrocytes 
to clump, thus blocking the capillary 
blood vessels of the cerebral cortex. 

In cquincs there is intermittent 
fever, signs of colic and oedema of 
head and dependent parts. 

In dogs the main symptoms are 
high fever, anaemia, jaundice and 
haemoglobinuria. 

Some cases have also been recorded 
in human beings and the main symp¬ 
toms are chill, high fever, anaemia^ 
jaundice and sometimes haemoglo¬ 
binuria. 


Post-mortem changes vary widely 
according to the sev^ity of the disease. 
However, some features are oommota, 


liver, yellowish discolouration of 
subcutaneous tissue, and puhnofiary 
oedema. 

Diagnosis of the disease is not 
difficult. Clinical 8yiiq)toms, viz., 
fever, jsundice, haemoglobmuria and 
anaemia, are stiggesttvc of babesidsis. 
For oonfiitnation, blood smears £bom 
suffering animals can be examined fer 
the presence of intra-crythrocyiic 
stages of the parasite. A positive blobd 
smear oonfinns the diagnosis but 
negative smear does not eUminate it. 
Diagnosis of subclinical or carrier cases 
of babesiosis is exuemely difficult by 
convcmionali methods, hence serologi¬ 
cal diagnosis is necessary. 

A number of drugs like Quinuto- 
nium and Diamidine derivatives, 
Amicarbalide and Imidocarb dipio- 
pionatehave been successfully used for 
, the treatment of babesiosis in animals. 

It was believed earlier that there is 
premunity in babesiosis but some 
recent workers have demonstrated 
that immunity is not dependent on 
the presence of infeaion as the 
recovered animals may remain immune 
for periods of upto several years when 
op organisms could be demonstrated. 
It has also been observed that hjrper- 
immu^e serum when injected to sus- 


to all cases, viz., swollen and jaumliced; 



Fig. 3. Microphotograph taken from blood amearol a calfahowtag high para* 


altaemia of Babesia bigmma X IMO 
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Fig. 4. Micrapliot€>graph takicii from blood tmoar of % coif tbowlng high pom- 


titacmla of Arutplasma marginale 

ceptiblc animals, jmitccts them 
agaiast lethal babesiosis and dead 
antigenic macerial may induce protco 
tion. The long survival of the parasite 
in the infeaed host perhaps provides 
frequent opportunities for transmission 
to the vector. 

AnapUismosis 

Anaplasmosis is another import¬ 
ant disease and affects cattle, sheep 
and goats. In cattle the disease is 
caused by Anaplasma marginale (Fig.4) 
an din sheep and goats by A. avis, 

Anaplasmosis occurs over a very 
wide geographical range in the tropics 
and sub-tropics including India. Its 
principal vectors have not been accura¬ 
tely determined although ticks of 
different species arc thought to play 
a significant role. The disease is so 
readily transmitted mechanically 
(hat 11 IS difficult to ascertain the 
relative importance .of its vectors. 

The main symptoms are 
temperature (40.5 'C to 41.5 ‘‘C)i loss 
of appetite, constipation and some¬ 
times abortions in pregnant animals. 
Anaemia foUowed by jaundice is a 


X 1000 

pathognomonic symptom of the dis¬ 
ease. On post-mortem examination 
the carcase is found emaciated with 
enlarged liver and spleen. 

Diganosis of the diesasc is not 
difficult. Symptoms like fever, anaemia, 
jaundice and debility are suggestive of 
anaplasmosis. However, the disease 
should be confirmed by examin¬ 
ing stained blood smears for the pre-. 
scnce of Anaplasma organisms. Capil¬ 
lary tube agglutination test has also 
been enq)loyed successfully to detect 
c'lronic cases. Cases of anaplasmosis 
are successfully treated with Tetra¬ 
cycline group of compounds. Encoura¬ 
ging results have been obtained by 
the use of Reverin (rolitetracydine), 
L-ethoxyethylglyoxal dithiosemi- 
carbazone (gloxazone) and Imidocarb. 

Both humoral and cell-mediated 
immune responses are ' observed in 
Anaplasma infection. However, serum 
foom convalescmg animals has not 
been found toconJb proceaioa against 
anaplasmosis; it is active only in serolo¬ 
gical tests. A gradual and balanced 
host-parasite interaction is necessary 
for development of cett-mediared 
immune response. 


Control 

The important thing in controlling 
the tick-home diseases is that no 
single measure could ever be folly 
effective in eliminating them. It 
would need a combination of methods 
for reducing tick populations and tick- 
borne diseases. Tick populations may 
be reduced considerably by regular 
animal dipping or graying of animals 
and their sheds and pastures with 
good tickicides. Incidence of tickbomc 
diseases may be kept low by chemo¬ 
prophylaxis chemotherapy and use of 
suitable vaccines. In certain developed 
countries where effective dipping has 
been combined with vaccination of 
ammals against tick-borne diseases, 
good results have been obtained- 

In Australia, South Ainca and 
Central and South America, relatively 
unsophisticated but cffcciive vaccines 
have been produced against the major 
tick-bomc pathogens Babesia and 
Anaplasma. Produaion of such vaccines, 
if carefully monitored, may bring 
benefits to other developing countries 
as well. 

So far as theileriosis is concerned, 
there have been a few attempts to 
produce a vaccine. An attenuated tissue 
culture vaccine has been produced in 
Israel and Iran, but the vaccine has its 
own limitations and is not very success¬ 
ful under field conditions. Recently 
an *infection-and-treatment* method 
of protection against theileriosis has 
been worked out in this laboratory and 
is worthy of trial under field condi¬ 
tions on a limited scale. 

Methods are available for pro¬ 
tection agains all the major tick-borne 
diseases of cattle so far evaluated. 
However, it would be incorrect to 
suggest that they are perfect and 
there are research results which indi¬ 
cate that there are problems with 
some of them. Nevertheless, if these 
are used white ocher more sophisticated 
ones are being developed, there is no 
doubt that a great deal of cattlcmoru- 
lity would be avoided. 

{Continued on page i 20 ) 
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Viruses are known to cause tumours in experimental 
animals, but there is no conclusive evidence to show that 
they also cause cancer in man 


IT has long been known that human 
^ beings> and probably all 
animals, commonly harbour viruses 
is long standing latent infeaions, 
sometimes lasting for life. But the 
important question remains unanswered: 
Arc these viruses related to cancer? 

About 200 years ago, Bernard Pey- 
rilhe of France, believing that cancer 
might be caused by a ‘specific virus’, 
injected subcutaneously fluid from hu¬ 
man breast cancer into a dog. This was 
25 -years before Edward Jenner inocu¬ 
lated a boy with ‘fluid from cow-pox 
vesicles’ which successfully protected 
him agaiast infection with smallpox 
virus. Although the experiment of 
Pcyrilhc was itself not successful, the 
idea was kept alive in the minds of a 
few investigators until the present 
century, and now viruses as etiological 
agents in cancer are known to be 
conunonplace. 

Although the viral origin of avian 
leukemia and avian sarcoma (tumour of 
the connective tissue) was discovered 
early in this century by V. Ellerman 
and O. Bang (1908) in Denmark 
and Peyton Rous (1910) of the USA 
respectively, the field of viral oncology 
has received wide attention only re¬ 
cently. Although no true cancers of man 
have yet been shown to be caused by 
viruses, there are a number of viruses 
that cause tumours in other animals 
under laboratory conditions. 


categories on the basis of their physical, of their antigenic make-up, host range 
chemical and biological properties; and t3rpe of malignancy they cause 
those which contain ribonucleic acid (Table i). In general, RNA viruses 
as their genetic material and referred are morphologically very similar; all 
to as RNA tumour viruses or oncorna- are more or less spherical in shape 
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Oncogenic viniaea 

More than 40 different viruses 
have now been identified which arc 
oncogenic in nature, that is, capable 
of producing tumour in a wide 
variety of animals. Oncogenic 
viruses can be grouped into two main 


viruses, and those which comain de¬ 
oxyribonucleic acid as their genetic 
material, termed as DNA tumour 
viruses. 

The RNA tumour viruses which 
have been well studied can be divided 
imo six different groups on the basis 


with a lipid coat surrounding the RNA 
core. Fneasing the RNA core there 
is also an icosahedral<-shapcd protein 
shell built up fixxn protein c^pstnners 
(Fig. I). 

The known ONA viruses arc a 
more diverse group of agents than the 


Dr. Cbakrabarti teaefaet cytogenetics in the Zoology Department of Burdwan University, Burdwan 713104; Anjali Chakrabarti is doing 
research in the Tissue Culture department of Ghittaranjan National Cancer Research Centre, Calcutta 700 026. 




RNA tumour viruses. They rangcfirom 
the small, comparatively simple papova- 
viruses to members of the muc^ laxfer 
and more complex herpes viruses and 
poxviruses (Table 2). SV40 (a monkey 
virus) and polyoma (a mouse virus) 
are two common DNA viruses that 
can induce tumour in a wide variety 
of animals. 

The diversity among the DNA 
tumour viruses makes it difficult 
to describe in detail their chemical and 
phjTsical properties. In general, almost 
all DNA viruses exhibit cubic symmetry, 
the basic structure being that of an 
icosahedron (Fig. 2). Only the herpes 
viruses possess a lipid containing enve¬ 
lope. 

It was previously believed that the 
action of each of the tumour viruses 
was restricted to one particular host, 
but recent investigations have shown 
that many of the tumour viruses are 
able to induce tomour in more than one 
species. For example, some forms 
of Rous sarcoma vims (named 
after the discovery by Peyton Rous) 
can induce rumour both in birds as 
well as in mammals. 

Carcinogenesis by viruses 

The precise mechanism by which 


viruses render cells malignant and 
the way they differ from ordinary cyto- 
cidal viruses (virus that kills the cell) 
are probldns which have not yet been 
totally resolved. Infection of a 
cell by a cytocidal virus results in 
cell death, whereas infection by a 
tumour vims leads to a synchronous 
virus-cell coexistence which results 
in profound changes in the properties 
of the infected cell. The application of 
some new techniques to the study of 
virus-cell interactions in tissue cul¬ 
ture has brought some understanding 
of the mode of action of atleast some 
oncogexiic viruses. 

When living fibroblast cells in 
culture are exposed to SV 40 particles, 
there are two possible manifestations 
of the infection. The vims may grow 
vegetativcly by exploiting the nutri¬ 
ents of the host ceil and ultimately 
release a large number of newly 
synthesized virus particles (Fig. 3a)- 
Such a cell in which virus can multiply 
is said to be a permissive cell (Fig. 4). 
Alternatively, the cells may survive 
and some of them may show altered 
hereditary properties typical of cancer 
cell (Fig. 3b). The second effect due 
to vims infection is called neoplastic 
transformation. This activity of the 


Table i. Some properties of RNA tumour viruses 


Virus types 


Abbreviated Host of Natural Virion 
as origin tumours morphology 


Avian Complex 


Leukemia 

ALV 

Chicken 

Yes 

C* 

Sarcoma (Rous) 

RSV 

Chicken 

Yes 

C 

Murine Complex 

Leukemia 

MuLV 

Mouse 

Yes 

c 

Sarcoma 

MSV 

Mouse 

No 

c 

Murine mammary tumour 

MTV 

Mouse 

Yes 

B* 

(Bittner) 

Feline Complex 

Leukemia 

FeLV 

Cat 

Yea 

c 

Sarcoma 

FeSV 

Cat 

Yes 

C 

Hamster Leukemia 

HaLV 

Hamster 

Yes 

C 

Frimate 

Sarcoma 


Monkey, 

Ape 

Monkey 

Yes 

c 

Atstmmary carcinoma 


? 

B 


The terms ‘C type' and ‘B type' are baaed on moiphological as well as certain anti¬ 
genic and efUymatic diflerciioe of RNA tumour viruses. 
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Fig. 1. The vlrioii of RNA tumour 
virus 

vims, leading to transformation of a 
normal cell into a tumourous one, can 
easily be recognised in ceU cultures 
because transformed cells show altered 
growth charaaeristics (Fig. 5). These 
include increased and faster rate of 
growth, capability of unlimited pas¬ 
sage in tissue culture, loss of contaa 
inhibition, appearance of vinis-spcci- 
hc antigens, tumour formation, etc. 

The decision as to whether virus 
produaion or neoplastic transforma¬ 
tion will come into effect depends 
largely upon the cell itself. It is l^wn 
that both the hereditary properties 
and the physiological state of the cell 
influence the course as to whether a 
cell will be transformed into a tumour 
cell or it will die after devoting its 



Fig. 2. Electron micrograph of SV 
40 vims purtlcleo ( x 280,000) 
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MATURATION. . CEU 
LYMtORilMEOF 

FROOENY ytmis 



TRANSFORMED CELLS 
WITH NO DETECTABLE 
VIRUS PARTICLE 






Flf» 3. Schenuitic repretenUidoii of two types of Interactioti between a DNA 
tumour virus and a host cell; (a) productive;«(b) transforming cycle 


It is interesting to mote that several 
thousand virus panicles can be pro¬ 
duced in one individual productive 
cell, whereas transformed c^s appear 
to contain no virus at all. Although 
transformed cells do not contain any 
virus particles, the existence of viral 
DNA is frequently noted in the trans¬ 
formed cells and there are ample evi¬ 
dences that this foreign DNA has 
got some significance in neoplastic 
transformation. Recent DNA-RNA 
hybridization studies on SV 40 indu¬ 
ced transformation has shown that 
each transformed cell contains some 
I to 20 SV 40 genomes (Fig. 7) in¬ 
tegrated into the DNA of the host cell. 

Involvement of viruses in human 
cancer 

The progress made in understand¬ 
ing viral carcinogenesis in animals has 
offered new approaches in the quest 
for the possible viral etiology of at least 
some forms of human cancers. Attem¬ 
pts to demonstrate human cancer 
viruses were undertaken mainly in 
four different ways : (a) infectivity 
test, (b) using tissue culture for isola¬ 
ting the hypothetical viral particles, 

(c) direct examination of cancer ccU 
under elearon microscope, and 

(d) deteaion of virus specific anti¬ 
body in the host cell. 


machinery for virus production. Be¬ 
sides the nature of the cell, the phase 
of the cell cjrclc and the amount of 
virus particle involved are also impor¬ 
tant (Fig. 6). Robert Suss and V. 
Kinzel of German Cancer Research 
Centre, Munich, have recently de¬ 
monstrated that the growing and divi¬ 
ding cells at the onset of DNA repli¬ 
cation are more suitable for viral 
transformation than sutionary or so- 
called "resting cells’. 

Fig. 4. Electron microgrnpbs of the 
release of tumour virions 
from . different mammalian 
cell-lines {Courtesy : M« ML 
Lieber and G. ). Todaro of 
NIH, Bethetda, USA) 
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Table 2. Some p r operti es of DNA tumour viruses 


Virus types 


Papeefa viruses 
Papilloma 


Polyoma 

SV-40 

Admo viruses 
Human types 
(3,7 11,12,14,16,18, 
21,31) 

Simian 
Bovine 13 ^ 3 
Avian (CBLO) 

Herpes viruses 
Human type 2 
EB viruses 

Monkey (Melendez) 
Rabbit (Hinze) 

Avian (Marck) 

Frog (Lucke) 

Pox viruses 

MoUuseum contagiosum 
Yaba 

Fibroma-myxoma 


/fact 0 / Natural 

tumours 


Man, Rabbit, 
Cow 

Yet 

Mouse 

No 

Monkey 

No 

Aian 

No 

Monkey 

No 

Cow 

No 

Chicken 

No 

Man 

? 

Man 

? 

Monkey 

No 

Rabbit 

No 

Chicken 

Yes 

Frog 

Yes 

Man 

Yes 

Monkey 

Yes 

Rabbit, Deer, 
and Squirrel 

Yes 


Sise & 

Persis¬ 

symmetry 

tence 


40-55nm 

loosahednU 

Yes 

Symmetry 

Do 

No 

Do 

No 

70-80 nm 

No 

loosahcdral 

Symmetry 

Do 

No 

Do 

No 

Do 

No 

100 nm 

No 

loosahedral 

No 

Symmetry 

Do 

? 

Do 

? 

Do 

? 

Do 

? 

230 K 300nin 

Yes 

complcz 

Yes 

Ssrmm^try 

Yes 


iofectiem with the vims and the can¬ 
cer of the cervix. The prevalence of 
herpes type 2 antibody in women 
having the disease was found to be 
much higher than the normal one. 
Further support to the oncogenic 
potential of herpes type 2 virus has 
been provided by R. Duff and £. 
R®PP (1978) of the College of Medi- 
cine, Pennsylvania State University, 
USA. These two scientists have de¬ 
monstrated that this virus can cause 
malignant transformation of hamster 
embryo cells in culture. Moreover, 
from a virological point of view, 
HSV-2 is considered a causative agent 
for cervical carcinoma for two reasons: 
first, as mentioned earlier, it is trans¬ 
mitted venereally; second, because of 
its topological distribution, recurrent 
genital infections satisfy the require¬ 
ment of adequate contact with the 
tissue in which malignancy appears. 

The Epstein-Barr virus, a newly 
recognised and antigenically distinct 
member of the herpes virus group, has 
been found to be strongly associated 
with atleast two human malignancies : 


A great deal of attention has been 
centered in recent years on herpes 
viruses of man as potential oncogenic 
agents. The accumulated evidence in 
this aspect is not conclusive by any 
means, but impressive in its totality. 
In fact, atleast five different herpes vi¬ 
ruses are found in human beings. 
Three of which are prominently asso¬ 
ciated with human cancers; they are 
HSV-i (Herpes Simplex Virus), 
HSV-2 and EBV or Ep«tcin-Barr 
(EB) virus (named after the discovery 
by M. A. Epstein and R. D. Barr of 
Middlesex Hospital, London). Ini¬ 
tially, the studies on possible involve¬ 
ment of herpes virus dealt primarily 
with HSV-2 and cervical carcinoma 
(tumour of the cervix), because 
HSV-2 was found to be vcnercally 
transmitted. Seroepidemiologic studies 
by E. Adam and his research 
associates ( 1972-1975) at National 
Cancer Institute, USA have shown 
a high degree of association between 
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Fig, 6. The Unemr rclatloa between 
the Amount of SV 40 Added to 
nonpermiasive celle And the 
number of resulting tnuis- 
formed cells {Courtesy : Mol- 
ecular Biology of the Gene by J, 
D. Watson; 3rd; Ed. W. A. 
Bcnlnmin Inc.; Onllf.; I9l7) 

Burkitt’s lymphoma, a common can¬ 
cer in African children discovered by 
D. Burkitt (a British surgeon working 
at Uganda) in 1962 which has been 
suspected from its geographical dis¬ 
tribution TO be due to a mosquito- 
borne agent; and nasopharyngeal car¬ 
cinoma discovered by H.C. Ho in 
1968 in Chinese male postulations of 
South-East Asia. The finding of high 
incidence and high litre of EB anti¬ 
body in patients with Burkitt’s lym¬ 
phoma and post-nasal or nasopharyn¬ 
geal carcinoma led to the assumption 
that the association may be etiologic. 

The important question as to whe¬ 
ther EB virus is etiologically related 
to the above two malignancies or a 
passenger virus, present in lymphoid 
cells, trapped within the tumour, re¬ 
mains unanswered at present. The 
issue becomes further complicated 
because other viiuses, such as herpes 
simplex virus and reovirus, have fre¬ 
quently been isolated from Burkitt’s 
lymphomas. On the other hand, one 
cannot exclude the possibility that EB 
virus is one of the prime agents res¬ 
ponsible for the induction of malig¬ 


nancies in normal cells m vivo. The 
possibility that EB virus is an etiolo¬ 
gical agent is further strengthened by 
the recent in vitro experiments which 
have indicated that the virus can con¬ 
vert virus-free normal peripheral 
blood leukocytes imo virus-positive 
cells capable of continuous growth. 

Latent vinia concept 

Both herpes virus and EB virus are 
now known to be predominantly asso¬ 
ciated with a number of human can¬ 
cers, albeit proof that they are defini¬ 
tely oncogenic in man still remains 
illusive. The discovery of latent RNA 
viruses in Burkitt’s lymphoma and in 
certain other forms of human tumours 
has made the situation further com¬ 
plicated. A question which is often 
asked is : Arc these viruses really 
responsible for tumour in man? If so, 
do they have any special gene which 
switches its host cells into malignancy? 
Or, do they act indirectly via a latent 
RNA tumour virus? 

Recently, B. Hampar and S. 
Aaronson (1976) at the National 


Cancer Institute, Bethesda, USA have 
provided evidence fat the second pos. 
sibility. They infected mouse cells by 
irradiated HSVs which are unable to 
destroy their host cells due to partial 
inactivation by UV light. To their 
surprise they noted that the infected 
mouse cells began to produce an enr 
dogenous virus, like the RNA tumour 
virus. From this and other accumula¬ 
ted evidences it seems likely that 
the role of latent RNA viruses is im¬ 
portant in producing tumour but it is 
still too early to conclude whether 
herpes viruses cause cancer by awaken¬ 
ing the latent RNA tumour viruses 
of the host cell from ‘sleep’. 

Despite the incredible facilities 
and tremendous advances in techni¬ 
ques in the field of virus research, 
certain crucial questions still remain 
unanswered : Are there really any 
human virus-induced tumours? If so, 
which arc they and how many are 
there? By what means does the virus 
integrate into the genetic apparatus 

(Continued on page ^SV) 



SCIENCE REPORTER 


39U 


JUNE 1980 



the mass remains the same in both 
the cases. 



Understanding somersaulting 
and twisting 


Angular velocity is die rate of 
rotation of the body. It is a quantity 
which has both direction and magni¬ 
tude, and so is a vcaor. The direction 
of the vector is parallel to the axis of 
roution of the body. Angular momentum 
is angular velocity times moment of 
inertia of the routing body. It is also 
a vector quantity and obviously the 
direaion of vector is parallel to the 
axis of rotation of the body. It is clear 
that the angular momentum vcaor 
has the same direaion as that of an¬ 
gular velocity vcaor. The moment of 
inertia is subjeacd to changes with 
changes in the distribution of'^parti¬ 
cles” in the body, the result of which 
is that moment of inertia and angular 
velocity can vary inversely with each 
other provided the angular momen¬ 
tum remains constant in direaion and 
magnitude. 


S omersaulting w twisting in 

air while taking a dive or gymnas¬ 
tics exercise looks to be a very simple 
manoeuvre. But , it is not so. 
It is the ease with which the 
highly trained people perform 
the feat that makes it look an 
easy job. Likewise, the physics 
behind somasaulting or twisting in 
air also appears simple • but again 
it is not so. How much thinking and 
re-thinking must have gone into imder- 
standing it can be appreciated from 
the faa that it is only now that a clear 
piaure of it is emerging. But before 
the physics is explained, one has 
to brush oneself up with the concerned 
terms and concepts. 

Consider first the human body 
in standing position, legs together 
and hands parallel to the body. There 
are two main axes, horizontal and 
vertical, about which the body can 
basically rotate. If the body rotates 
about its horizontal axis right through 
the trunk, it is said to be somersaul¬ 
ting. If the body rotates about its 


venical axis right through the head 
and toes, it is said to be twisting. All 
the manoeuvres in air, though look 
complicated, are basically a combina¬ 
tion of somersaulting and twisting. 
Angular momentum, angular velo¬ 
city and moment of inertia are the 
terms that one has to face in physics 
as soon as rotation of any body is 
to be considaed. 

Inertia is literally laziness—the 
tendency of a body to resist any change 
in its state of rest or motion. Moment 
of inmia is the tendency of a body 
to resist any change in its state of 
rest or rotation. It is the measure of 
the way the "particles” constituting a 
body are distributed around its axis 
of rotation, and also its mass. The 
more the panicles of a body are away 
from the axisof rotation, the more is the 
moment of inenia of the body. For 
instance, thp moment of inertia of the 
human body would be more about its 
horizontal axis, i.e., when it is somer¬ 
saulting, rather than about its vertical 
axis,i.e.,when it is twisting, althouf^ 


When a body somersaults it has 
a somersaulting angular momentum, 
and so has a twisting angular momen¬ 
tum when it twists, each angular 
momentum a produa of its respective 
angular velocity and moment of 
interia. The total angular momen¬ 
tum of a body, which executes a som¬ 
ersaults or twists, either one after 
another or simultaneously, is there¬ 
fore the sum total of the somersaul¬ 
ting and twisting angular momentum. 
It is the basic law of physics that 
angular mementum of a rotating body 
is conserved when no external forces 
are acting on it. VThich is why most 
people think this law violated when 
a body somersaults or twists in air 
(whose friction is considered negligible) 
without any help of an external force. 
It has, however, to be borne in mind 
that a body can execute a motion in 
mid-air by changing his somersault¬ 
ing angular momentum and his twisting 
angular momentum—transforming one 
rotating force into another—as long 
as the total angular momentum re¬ 
mains constant in magnitude and 
direction. 
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Axes of rc»Cotioii in ease of aomT—iilting l it latln g (mukUe), and aomcT M ulting and twiaans simnltBiieoiialy 

(right). In the laat case, tibe total anirnlar Telocity Toctor (solid eerram') is the Tector sum €>f the angular veloclcy 
of somersaultint (short hrdkm arron) and the angular velocity of twisting ijiang brokon orroas) 


Take the case of a somersault. 
The person has to roll himself into a 
ball to execute this feat. By doing so, 
the person reduces his moment of 
inertia and as a result he spins head 
over heels, i.e , his angular velocity 
proportionately increases. When the 
person straij^ens himself up, the 
reverse process takes places, the total 
angular momentum remaining cons¬ 
tant notwithstanding. Throughout the 
manoeuvre the angular velocity vector 
remains parallel to the angular momen¬ 
tum vector, both of which are parallel 
to the somersaulting axis as stated 
earlier. If, however, the person execu¬ 
tes any other movement while somer¬ 
saulting, the body does not rotate 
about either the somersaulting or 
twisting axis. It rotates about an in¬ 
termediary, unsymmetric axis. Since 
the total angular momentum vector is 
the sum of twisting ahgular velocity 
vector times twisting moment of iner¬ 
tia and somersaulting angular velocity 
vector times somersaulting moment 
of inertia, first thing, and, secondly, 
both the moments of inertia are not 
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equal, the angular velocity vector 
no more remains parallel to angular 
momentum vector. The body therefore 
changes course in mid-air as long as 
the normalcy is not restored. (^Scienti¬ 
fic Americany March 8o). 

Take the case of a twist. In this 


Angular momentum vector (solid arrow) 
of a person executing a twisting 
somersault Is the vector sum of the 
somersaulting angulnr momentum 
(long broken arrow) and the twisting 
angular momentum (short brehen arrow) 


case the person is already in air 
somersaulting, say). In that state his 
somersauliing axis is parallel to the 
total angular momentum vector, but 
no sooner the person raises one arm 
and lowers the other to execute a 
twist than the somersaulting axis no 
longer remains parallel to the initial 
angular momentum vector. The body 
continues to twist and in the process 
creates enough twisting angular 
momentum to keep the total angular 
momenttim constant. To stop twist¬ 
ing the person has to move his body 
in such a way as to makethe somer¬ 
saulting axis parallel to the initial 
angular momentum vector. 

In the above cases, the total an^ar 
momentum was always a noin-zeco 
quantity. But it has been seen that even 
when the total angular momentum 
is zero a body can twist. Feo: instance, 
a cat let to fall upside down on 
its own, twists about itself 
in air to fall on its four paws. 
Zero angular momentum does not 
mean the body has to remain motion¬ 
less. The body, flexible that it it, can 




391 


JUNE 1980 



SCIENCE SPECTRUM 


judidously vary the moments of iner¬ 
tia of the body’s upper and lower 
half—tumiiig arms uiad upper trunk 
to right and legs and lower trunk to 
left—^to twist in space. As soon as the 
body becomes rigid, it stops twist¬ 
ing. 

Understanding the physics behind 
somersaulting and twisting looks 
like knowledge for knowledge’s sake. 
But it is not so. Every knowledge has 


O NE of the significant contribu¬ 
tions of scientific knowledge to 
human comfort is the automobile. 
Paradoxically, every year the auto¬ 
mobiles in turn rdease several thou¬ 
sand tonnes of toxic substances as ex¬ 
haust in the biosphere. However, the 
ability of the atmosphere is limited 
in detoxifying the harmful exhausts. 
Wc thus become confronted by a 
spectrum of biologically vustema- 
tehab, many of which are harmful to 
nyux and its concern. As a result these 
toxic contaminants trigger a chain of 
lethal reaction within the natural 
ecosystem. 

The maior automobile pollutants 
include carbon monoxide, lead, hydro¬ 
carbons, nitrogen oxides, sulfur oxide. 
The amoimt of these substances from 
au^o-exhaust in any given locale de¬ 
pends upon the number of vehicles 
present there. Obviously the congested 
cities with a large number of vehi¬ 
cles in India are highly pione to the 
effect of toxic substances from auto- 
exhaust, Carbon monoxide and lead 
are the most lethal components of 
auto-exhaust to our environment and 
thus to ourselves. A few examples will 
support this contention. 


also an application. The use of this 
knowledge would hdp astronauts 
to handle themselves in the gravity¬ 
less environment of space, in particular 
in orienting themselves to any posture 
by making mimmum of movements. 
Also, the knowledge can be ex¬ 
ploited by swimmers, gymnastics, 
etc., in breaking new records. 

Dilip M. Salwi 


Component of nuto exliniist 

The fuel for automobile is gaso¬ 
line. Several compounds like tetra¬ 
ethyl lead (62%), ethylene dichloridc 
(18%), cthylync ibromidc (18%) 
and other substances (2%) are added 
to gasoline for its effective combustion. 
Tetraethylyne lead behaves as an 
antiknock agent for combustion. The 
halogens act as scavengers in reaction 
with lead during gasoline combustion. 
Through a series of chain reaction by 
the combustion of gasoline several 
lead compounds and carbon monoxide 
are released as exhaust by the auto¬ 
mobiles. The important lead com¬ 
pounds include lead carbonate-lead 
oxide (30%), lead carbonate (14%), 
lead bromochloride (12%) and lead 
chloride CS%). After their release 
these compounds are conveyed far 
and near by air, and some parts of 
these substances gradually settle on 
plant parts. A certain amount is also 
conveyed to the soil and water. 

Effect of lead fallout of auto- 
exhaust on vegetation 

Plants are contaminated with lead 


from the fallout of auto-exhaust and 
through absorption from the soil by 
roots. Lead contaminatum from atmos¬ 
pheric fallout depends upon traffic 
density, proximity to roadways, 
strength and direction of winds and 
exposure time of plant organs. Air¬ 
borne lead settles on leaf surface, bark 
and stems. Records from Aincrican 
ddss show that plants accumulate 
165 ppm of lead in highway with 900 
cars/hr and 570 ppm lead with 2,700 
cars/hr. The lead contents of vegeta¬ 
tion, especially the edible portions 
which are consumed by man and other 
animals are measured in some western 
cities over a distance of several kms 
away from the highway. This has 
shown a high concentration of lead in 
edible vegetation and is regarded 
as detrimental to human health. As 
cabbage leaves and potato are found to 
contain 815 ppm, tomato 8 ppm and 
00m 45 ppm of lead. Again some 
edible vegetation like com, radish, 
potato, lemon, etc., readily absorb lead 
through roots and a substantial amount 
of it is stored there. In some places 
barley plant is found to accumulate 
about 900 ppm of lead in roots. 
Experiments have shown that 30 ppm- 
40 ppm of lead is toxic to plants. It is 
found that high lead concentration 
inhibits photosynthesis and water 
absorption in plants and it also inhibits 
succinate oxidation in plant cell. This 
accumulated plant kad releases a 
chain of reaction on animals which 
feed upon them. In cattles high rate 
of mortality has been recorded after 
consuming lead contaminated grass 
and other vegetation. Men in their 
turn get poisoned by consuming milk 
and other body parts of cattle and lead 
contaminated vegetables. 

As mentioned above, some portion 
of lead fafiout from auto-exhaust also 
settles in the soil. It is found that 
earthwonns succumbed afrei accumula¬ 
ting about 300 ppm of lead from soil. 
Several ducks ^ economic importance 
like mallard, pintail, etc., have died 
after consuming lead contaminated 
earthworms. 


Danger of automobile exhaust 
on urban environment 
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lead intake 


Inhalation 


oral 


GaatfO" intestinal 
absorption 


Blood 
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(diffusible) 
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I- 
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“1 

Bone 

(non diffusible) 


- (- 

Kidney 


others 


Tubular destruction 


Fig. 1 


Blfcct of lead from auto-cxhaiut 
OB man 

Lead enters human body through 
the respiratory tract by inhalation of 
air contaminated with auto-exhaust 
and via food. Data collected by scien¬ 
tists in some western countries show 
that an urban adult breathing air 
containing 3 /xg lead/m^ and respiring 
about 15 air per day will absorb 
^0-25 fig of lead through the respir¬ 
atory tract. And another 25 ^ 
of lead per day is absorbed through 
diet. It appears, therefore, that higher 
atmospheric lead concentration in 
any area as in vehicles, garage, automo¬ 
bile complexes and in congested 
cities will result in greater absorption 
of lead by inhalation. So people 
who work for a long time in such 
atmosphere like the cab drivers, 
traffic police men and automobile 
employees inhale much more quantity 
of lead. Data collected from some 
American cities show that traffic police 
and automobile employees contain 


30-35 /xg of lead in 100 ml of blood 
as against 16-23 mS ^ 

of blood in urban people. And the 
concentration of lead in non-urban 
people is found to be io-r6 /xg in 
100 ml of blood. It is assumed 
that human blood level with mote 
than 60 fjg lead 100 ml blood is harm¬ 
ful. Lead absorbed via lung and diet 
is circulated through the blood stream 
by binding with red blood cor¬ 
puscles and to some diffusible organic 
ligands. This absorbed lead is stored 
in bones, liver, kidney, etc., and causes 
critical intoxication in haematopoitic 
tissue, central nervous system and 
peripheral nervous system and kidney 
leading to peripheral neuropathy, 
anemia and destruction of renal tubtdes 
(Fig. i). Experiments have also shown 
that infants with blood lead level over 
100 /xg day leads to encephalopath, 
grow^ retardation and depressive 
nervous activities. Lead intoxication in 
pregnant women results in abdominal 
pain headache, convulsion, etc., in new 
bom baby and in£uu$. Experiments 


also indicate that sub-lethal concentra¬ 
tion of lead alter the devdopmental 
process in children. 

Efibct of carbon monoxide on man 

Apart from lead carbon monoxide 
from auto-exhaust represents a major 
source of contamination to our environ¬ 
ment. Data collected from the diffe¬ 
rent cities have shown that the level 
of carbon monoxide in vehicles some¬ 
times exceeds 100 ppm in peak hour 
of traffic movement. In more con¬ 
fined places like garage, underground 
parking areas, the level of carbon 
monoxide reaches upto several 
hundred ppm for extended 
period of times. Traffic police 
men, cab drivers and others who 
constantly work in areas of heavy 
vehicular traffic continuously experi¬ 
ence sesme degree of sub-lethal poison¬ 
ing. It has been shown that prolonged 
sub-lethal carbon monoxide poisoning 
can produce polycythemia (increase of 
red blood cells) and cardiac enlarge¬ 
ment. Experiments have shown that 
at 100 ppm exposure carbon monoxide 
combines with a portion of haemoglo¬ 
bin. This compouxid haemoglobin 
(carboxyhaemoglobin) then no longer 
acts in transporting oxygen through 
the blood vessel. This is the important 
effect of carbon monoxide poisoning 
in man and other animais. Therefore, 
carbon monoxide concentration of 
TOO ppm represents the threshold for 
measurable polycythemic effect on 
man and other animals. Experiments 
have also shown that carbon monoxide 
concentration between iooppm-2Qoppm 
leads to cardiac hyperatrophy (enlarge¬ 
ment). It is also presumed that chronic 
carbon monoxide poisoning can pro^ 
duce some cellular biochemical altera¬ 
tion which has a close correlation 
with some cardiovascular stress like 
aortic pulmonary constriaiona 
coronary artery disease and severe 
anemia. These effects become more 
intemified in people who use to work 
for a prolonged period in industrial 
complexes, in and around automobliesa 
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etc. having high concentration of 
carbon monoxide. 

It iSy therefore, most urgent to 
make periodic dieck of lead and car¬ 
bon monoxide concentration in urban 
people, particularly of traffic police 
men, cab drivers and other persons 
who work for long hours in the environ¬ 
ment of high lead and carbon monoxide 


concentration and to take all necessary 
steps to minimise their poisoning effect 
on man and its concern from the auto¬ 
exhaust. 

SUDHIN SRNGUPTA 
Animal Behaviour Section 
Zoological Survey of India 
8 ^ Lindsay Street 
Calcutta ‘700016 


Cyclohexane 


^HE word cyclohexane takes our 
^ mind to that organic liquid, 
enclosed in a bottle, with which the 
organic chemist is so well acquainted. 
A mere look at the liquid hardly reveals 
its mysterious forms of existence that 
had baffled organic chemists for quite 
some time. 

Cyclohexane is a simple alicyclic 
organic molecule. The molecular 
formula of cyclohexane is 
The very term “alicyclic” suggests 
that the molecule is aliphatic as well 
as cyclic in charaad^ Fig. la gives a 
simple illustration of the cyclohexane 
molecule. A look at Fig. la would 
lead many of us into believing that all 
the six carbons of the cyclohexane 
molecule are in one plane and that the 
molecule as a whole resembles a regular 
hexagon. However, this is not true. 

The existence of cyclohexane as a 
r^^ar hexagon with all carbon atoms 
in one plane is not energetically feasi- 



Fig. 1 


ble. Existence in a regular hexagonal 
form requires the bond angles to be 
120"*, which would bring about a 
marked deviation from the normal 
tetrahedral angle of 109.5''. This in 
turn would give rise to tremendous 
strain and the formation and existence 
of a molecule under such strain is not 
possible. Therefore the cyclohexant 
molecule has to exist in a form in 
which such strains arc minimized and 
also energetically the molecule is 
stabilized. 

Cyclohexane exists in two extreme 
conformations in which all the angles 
arc tetrahedral. However, strictly 
speaking, the angles are nor 109.5“ 
but 111.5°. This slight deviation from 
the normal tetrahedral angle produces 
a small amount of angular strain in the 
cyclohexane molecule. 

The two conformations in which 
cyclohexane molecule can exist 
arc the chair form (Fig. ib) and the 
boat form (Fig. ic). These two forms 
arc also known as conformers. The two 
conformers have been so named 
because one looks like a chair and the 
other like a boat. 

While discussing the cyclohexane 
molecule we find that we have stepped 
onto a new term called conformations. 
Now what are conformations? ‘‘Con¬ 
formations or conformers are diffe¬ 
rent three-dimensional arrangements in 
space of atoms in a molecule which 
arc interconvertible merely by free 



Fig. 2 

rotation about bonds”. The chair and 
the boat conformations of cyclohexane 
arc also interconvertible. 

The chair and the boat conforma¬ 
tions of cyclohexane are both puckered. 
An energy barrier of 37.7 to 46.0 
KJ/mole exists between the two 
conformations. The chair form is 
more stable compared to the boat form. 
Though this energy barrier makes the 
existence of the two forms possible, 
yet at room temperature it is not 
sufficient to allow the two forms to 
retain their identity and in consequence 
there is rapid interconversion between 
the two forms. Thus it is not possible 
to isolate each confoimation. 

Intermediate between the chair 
and the boat form there exists the 
skew boat (twist boat) form (Fig. id) 
which is the twisted confoimation. 
On changing from one form to the 
other, the cyclohexane molecule has 
to pass through the intermediate skew 
boat form. This is clearly demonstra¬ 
ted in the energy diagram (Fig. 2). 

Electron diffraction studies have 
shown that at room temperature the 
cyclohexane molecule exists mainly 
in the chair confirmation. Some mole¬ 
cules do exist in the boat form but 
their number is comparatively small. 

A small scrutiny of the cyclohexane 
chair shows that six of its bonds are 
direaionally different to the other six. 
Each carbon has a bond which is 
directed up or down and are called 



lEHeOUAtOlltAL 


Fig. S 


H W. t9i0 


yys 


SCIENCE REPORTER 



SCIENCE SPECTRUM ^ 


axial boixds. The remainii:^ six bonds 
which are in the plane of the ring are 
called equatorial bonds (Fig. 3). 

The discovery of the stereochemis¬ 
try of the cyclohexane molecule opened 
a new chapter on conformational 
anal3rsis and studies and hence has 


aided the organic chemist tremend¬ 
ously in their exploration of new 
arenas in organic chemistry. 

Chitra Datta Gupta 
Research Schoiar, Bose Institute 
Calcutta University 
Calcutta 


Vitamin A > retinoids 
and cancer 


V ITAMIN A is well-known to 
everybody for its importance in 
general growth, the growth and 
epithelial cell differentiation, the 
development of malignancy in epithe¬ 
lial tissues, visual function and 
reproduction. The term ‘Vitamin A’ 
is now used when reference is made to 
the biological activity of more than one 
vitamin A active substance which 
includes retinol, retinal, retinoic acid, 
etc. 

Vitamin A compounds 

As suggested by M. B. Sporn of 
National Cancer Institute, Bethesda, 
Maryland, USA, both natural forms 
and the synthetic analogs of vitamin 
A arc termed as retinoids. In past few 
years, excellent work done in the 
laboratory of Sporn has shown 
that retinoids may be used to prevent 
cancer of the skin, lung, bladder, and 
breast in experimental animals. The 
lationale for use of retinoids in pre¬ 
vention of cancer is straight forward : 
The great mafority of human cancers 
arise in epithelial target sites such as 
lung, bladder, breast, colon, pancreas, 
esophagus, stomach, uterus, prostate, 
and retinoids are known to be required 
for maintenance of noimal epithelial 
cell difierentiation at these sites. Since 
carcinogenesis may be regarded as a 
disease characterized by abnormal 
cell differentiation, it seems reason¬ 


able to expect that agents that function 
to enhance normal cell differentiation 
might influence the process of carcino¬ 
genesis. The use of natural retinoids 
(rctinyl esters, etc.) in the prevention 
of cancer is limited because of the 
following: (a) they may not reach 
potential target sites in adequate 
concentrations because of special 
mechanisms of their storage in the 
liver, and (b) ultimate excessive storage 
of retinyl esters in the liver may lead 
to severe damage to the organ. In view 
of the above, many new s^ynthetic 
analogs of vitamin A (retinoids) have 
been made recently with the goal of 
developing agents that eventually 
might be useful in cancer prevention 
and arc less toxic. 

13-cis-rctinoic acid has been 
found to have a marked inhibitory effect 
on the development of both preneoplas¬ 
tic and neoplastic lesions of the bladder 
epithelium induced by the carcinogen 
N-butyl- (4-hydroxybutyl) nitros- 
amine and N-methyl-N-nitrosourea in 
rats even when 13-cis-retinoic. acid 
administration was begun after com¬ 
pletion of the carcinogen treatment. 

The effect of retinoids in the 
prevention of breast cancer has been 
equally promising. Retioyl acetate has 
been shown to have inhibitory effect 
on mammary carcinogenesis induced 
by 7, i2-dimethylbenz (a) anthracene 



IR 


R=CH,OH Retinol 
R==CHO Retinol 
R=COOH Retinoic add 

1 

(DMBA) in rats. However, the 
synthetic analog rctinyl methyl ether 
was chosen because of its higher tissue 
spedfidty for the mammary gland and 
lower toxicity as compared to retinyl 
acetate. It may be emphasized that in 
both studies on bladder and mammary 
cancer the retinoids were fed at levels 
that did not cause any observable 
toxidty 01 weight loss. Retinoic add 
and its analogs have been reported to 
inhibit skin tumor promotion induced 
by i2-o-tetradecanoyl phorbol-13- 
acetate (TPA) and inhibited both 
TFA induced ornithine decarboxylase 
activity and formation of skin papil¬ 
lomas. 

Retinoids, structural analogs of 
vitamin A, represent a new class of 
compounds with remarkable pro¬ 
phylactic and therapeutic activities in 
oncology and dermatology. It remains 
to the organic chemists to design and 
synthesize further structural variations 
(ff retinoid skeleton that will be superior 
to compounds used today in the 
chemotherapy of cancer and to the 
biochemists in general and sdemists 
working on vitamin A in panicular to 
investigate and dedpher the biochemi- 
cal mechanism of action of vitamin 
A in cancer. 

L. R. CSAODHAKY 
Scientist 

Division of Biochemistry & 
Food Science 
Indian Veterinary Res Institute 
Izatnagar 243112 
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Medicines from plants 

mediciiial value of plants A second example is Catha- 
^ depends on the presence in their rcauh^s roseus (Vinca rosea) which 
tissues of chemical compound or is known as a folk medicine in 
compounds that have biological acti- the treatment of diabetes in 
vity in men and animals. The active 


India. It is used as a vermifuge and 
for treatment of dsrsentery in Mala- 
gi^y. Recent research has shown chat 
tl^ plant contains both monomeric 
and dimeric indole alkaloids having 
hypoglycemic (Vindolininc), anticancer 
(Lcurodistinc) and other types of 
biological properties. 

There ate more than 300^000 
species of higher plants of which only a 


principles may accumulate in the 
storage organs, particularly in the roots 
or in seeds and sometimes in leaves, 
flowers, bark or other parts of the 
plants. So the impetus behind the study 
of medicinal plants lies on the biodyna- 
mic compounds which arc present in 
their different tissues. There is no 
working principle which can tell us 
about plant products with certain 
specific predetermined kinds of acti¬ 
vity. Generally the active principles are 
isolated empirically by practical re- 




JSL LEUROCRI^INE <ONCOVIN); R^^CHO 

A VINBLASTINE : R 


search based on experience which have 
a limited validity. In this connection the 
folklore of plants may sometimes point 
out the type of pharmacological action; 
for example, the use of garlic and 
onion by common people foi heart 
ailments. Recent chemical investiga¬ 
tion has showed’that garlic and onion 
oils contain S-methyl cysteine sul- ^ morphine r^om 

phoxide lUotigwith other sulfur 32 X oqoeine r^och. 




containing substances. This ccmi- 
pound has a prophylactic value in 
coronary hean diseases because 
Escherichia coU in the digestive tract 
converts this compound into dimethly 
cystine disulfide which reduces choles¬ 
terol content of the blood. 



CH3—SO--CH,-CH(NHj>--CXX)H 

I. S-Methyl cysteine 

sulphoxide 

CH3—S —CHj—CH(NHj>-COOH 
CH 3 —S--<M3--CH(NH8>--C00H 

II. Dimethyl cysteine 

disulphide 
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small proportion has been investiga* 
ted for medicinal proper ties, and a 
still smaller number yields well-defin¬ 
ed drugs. Similar is the case with lower 
plants and with plants of the sea. So 
the knowledge of plant constituents 
gained so far is meagre considering the 
huge number of species available in 
the world. Approximately io% of 
the organic constituents of plants are 
known and the remaining 90% are 
yet to be explored. 

The association of plants with 
healing, religious practices and witch¬ 
craft is of very early origin and even 
in the pre-animistic stage of religion 
when men were not civilised in the 
modem sense, reverence for trees or 
tree-spirit was of great importance. 
According to W. Robertson Smith 
(1885) ^*totcm*’ was the species of 
a plant which the primitive people 


worshipped and used ceremoniously 
to ward off evil influence, i.e., diseases. 
Similar was the case with ‘‘mana’* 
which was also regarded as very 
sacred and powerful spitit inhabiting 
in a plant or in an animal which was 
utilised to cure diseases eithci by 
eating or by wearing an amukt filled 
with leaves or a part of the plant. 

In the early historv of human 
cultures, the Sumerians and the 
Chinese as early as 4000 B. C. referred 
to poppy as ‘;oy plant’ Today we 
know that latex of poppy yields opium 
from which morphine, codeine, and 
as many as 25 useful alkaloids. Another 
interesting example from the old world 
is the snake root, Ramoolfia. It was 
mentioned in the Vedas dating about 
2500 B. C. which has led to the disco¬ 
very of reserpine and other hypoten¬ 
sive ingredients of the plant. However, 


the botanical identity of Somcy the 
divine plant which was used by the 
Aryans of the Indus valley (2500 B.C.J 
to prepare an intoxicatixtg beverage on 
religious and ceremonial occasions 
remains a mystery. Ayurvedic 
system of medicine which claims its 
origin form the Vedas was developed 
into an elaborate sdence as is evident 
from the Chataka and Stssruta Samhita 
written not later than 1000 B.C. 
These two works give a detailed 
description of medicinal plants with 
their uses. The plants have been given 
specific names and arc often grouped 
on the basis of their curative actions. 
Still older examples of the art of 
apothecary dealing with plant pre¬ 
paratives are recorded in the Egyptian 
pharmacopia, Ebers Papyms - (Ca. 
1552 B.C.) . In the early Greek litera-’ 
ture (400-300 B.C.) there are also 
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many references to the use of drugs of 
plant origin. For cxample» we know 
that Socrates was executed by giving 
him hemlock which contains coniine 
and other pyridine alkaloids having 
toxic properties. Both old and new 
world early cultures have left a valua¬ 
ble legacy of knowledge on the uses of 
medicinal plants. 

The early users of plant drugs 
gathered a good deal of information 
about the form and habit of plants in 
general to distinguish them clearly 
from others, but their classifications 
were based mainly on the uses to which 
plants were put. The Greek surgeon 
Dioscoridcs (64-120 A. D.) and the 
Roman naturalist Galen (131-200 A.D.) 
classified drug plants on the basis of 
their active principles like essential 
oils, perfumes, condiments, etc. Early 
classification of plants thus proceeded 
in a rudimentary way until the 17 th 
century when plant taxonomy came to 
have a modern look. 

In the beginning of 19th century, 
development of organic chemistry 
made it possible for the isolation of 
active principles from crude drugs. 
Motphine was isolated by the Gcinian 
pharmacist F. W. Serturner in r8o6 
which represented an important 
landmark in phytochemistry. It seems 
to us as one of the greatest physiologi¬ 
cal importance because Serturncr’s 
discovery subsequently led to the 
isolation of strychnine by the French 
chemist, P. J. Pelletier in 1818 from 
the seeds of Strychnos Hux-vonuca; 
quinine by French chemist, J.B. " 
Caventou in 1820 from the bark of 
Cinchona sp, and many alkaloids from 
other plants which arc used in folk 
medicines. Moreover, these works 
greatly facilitated the development of 
structural chemistry of natural pro¬ 
ducts which subsequently led to the 
replacement of many plant drugs by 
those of synthetic origin. Eventually 
in the early part of 20th century, there 
came a time when the importance and 
exclusiveness of sjmthetic chemistry 
was exalted to such a high position that 
the potentialities of plant products 


were mostly ignored. But with the 
introduction of chromatographic me¬ 
thod for the separat'on.of carotenoids 
by L. Zeehmeister (California Insti¬ 
tute of Technology, U.S.A.) in 1930, 
and more importantly, the develop¬ 
ment of paper chromatography by the 
Nobel Laureates A. G. P. Martin and 
R. L. M. Synge (I^K.) in 1944, 
interest in phytochemistry was revived. 
Over the last 20 years, many powerful 
analytical techniques like chromato¬ 
graphy; electrophoresis; I. R; N.M.R.; 
mass and X-ray spectroscopy along 
with radioactive tracer technique have 
greatly widened the horizon of the 
natural product chemists. Consequen¬ 
tly a wide variety of plant constituents 
starting from simple alkanes to com¬ 
plex polysaccharides including flavon- 
oids, steroids, alkaloids, etc., have been 
isolated. 

Antibiotics, which arc derived from 
lower plants (microorganism), need 
special mention because of their great 
importance in chemotherapy. Applica¬ 
tion of newer techxiiques for cultiva¬ 
tion of microorganisms coupled with 
organised screening programmes has 
led to the discovery of some sixty 
commercially important antibiotics 
including penicillins and tetracycline 
of which chloramphenicol is the only 
one which is made exclusively by 
organic synthesis nowadays. There 
is now a greater interest in drugs 
derived from plant kingdom which 
represents an inexhaustible reservoir 


of new compounds of medicinal in¬ 
terest. 

Plant chemotaxonomy involves 
mainly the examination of secondary 
metabolites which are regarded as 
byproducts of plant metabolism in 
contrast to simple bases, sugars and 
organic acids that constitute the buil¬ 
ding units for the growth of the plants. 
Botanically-related plants often con¬ 
tain structurally related secondary 
constituents which are expected to 
have similar physiological action. This 
principle with certain limitations is 
utilised as an aid to biological specula¬ 
tion. As an example, colchicine which 
is an aiitimitotic agent, 1$ found not 
only in 16 different species of Colchicum 
genus but also in other species of the 
genera of Liliaceac to which Colchi- 
am belongs. 

Currently, tissue culture technique 
for propagation of medicinal plants, 
in which the genetic stability is not 
lost, has been receiving increasing 
attention. An excellent example is the 
successful increase in the yield of 
diosgenin by £. J. Staba and B. Kaul 
(Minnesota State University, Minia- 
polis, U.S.A.) in Dioscorea species by 
cell culture. 

T. ChA <R ABORT TY 
Professor of Chemistry 
School of Tropical Medicine 
Calcutta 
P. Sabkar 
Junior Research Fellow 
U. G. C. Research Project 


Citrullus co/ocynthfs—an important 
desert plant 


F amily Cucurbitaceae is 

represented by Cuaams, Tri- 
chosanthes, Citrullus, Mcmardica, 
Dactylandra, CoraUocarpus, Blastma, 
Coednia, Ctmolepis, Melotkria and 
their species. So far as the genus 


Citrullus is concerned J Chakravarty 
(1959) Botanical Survey of India 
reported earlier two species namely 
C. wdgaris (culcivar) and C. colocyn- 
this (wild) from India. Recently A. K. 
Singh and the author (1977) 
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the Department of Botany, University 
of Jodhpur, have reported that Citrulhis 
is very well represented by its four 
taxa, namely, C colocyntkis Schard, 
C. vulgaris Schard, C. colocyntkis var. 
Tarumba, Singh and C, vulgaris var. 
fistulosus Stewart in Rajasthan. All 
species are commonly found in Jodh¬ 
pur, Barmer and Jaisalmcr. Out of 
these species C colocyntkis Schrad is 
very important for its oil content, 
medicinal properties and its well 
adapted nature in desert. 

It IS a perennial trailing herb Its 
leaf ranges from 6 cm-15 era in length 
5 cnl-ro cm in breadth with narrow 
or very narrow lobes. Greenish yellow’ 
flowers have acute spoon shape 5 era 
X 9 cm corolla ^Fig. i). Fruit size is 
globose and 15 cm-20 cm m diameter. 
The colour of fruit turns pale yellow 
on ripening. Its pulp is spongy white 
in colour and bitter in taste. Seeds are 
narrow with a blunt end and brown in 
colour. 

Ammo acids from ripe and unripe 
fiuiis have been reported by R. 
Bhatnagar and hi.s coworkers 11976) 
of the Department of Chemistry, 
Umversiry of Jodhpur. Compounds 
which have been extracted from fruit 
show some medicinal properties. 

Proteins and amino acids 

Protein percentage in ripe seeds 
varies from 24.5%-25.6%, but per¬ 
centage of protein was compatativciy 



Fig:. 1. i'ttruUux leave*; huer Fruit 


lower, i.c., 15% in unripe seeds. In 
pulp its percentage varies from i6%- 
17%. Unripe seeds contain glutamic 
add, histidine and valine while only 
valine is present in ripe seeds. In fruit 
pulp arginine is present. 


Medicinal properties 

Coloside A, a glucoside, which 
has been isolated from the pulp of 
this plant shows antihistamime and 
antiacetyl choline-likc activities on 


Table 1. Total fat contents in different species of Citrulhts 
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Range 


r 

colcryfuhti Schrad 

31 . 12 - 30.04 

c. 

coiccytmhts var. tatumha Singh 

18 . 25 - 23.24 

f. 

vulgans Schrad 

I 0 . 70 - 2 M 

c. 

vulgaris fistulosus Stewsri 

23 .N 23.82 


Mean 

Rof^ 

Mean 

30.55 

53 . J 2 - 35.66 

34.38 

23.24 

\M.g 6 - 26.88 

23.37 

15.55 

12 . 35 - 23,6 

17.99 

23.64 

24 . 16 - 24.96 

24.56 


s< RFFOMIKH 


JUNE ttHtO 






SCIENCE SPECTRUM 


Isolated rabbit iatestine and guinea pig 
ileum. It also shows negative chrono-* 
tropic and inotropic activity in isolated 
rabbit heart. Colocynthin has also been 
extraaed from the plant. It has many 
medicinal values. It can be used as 
a drastic hydrogoque and as catharatic 
and diuretic in moderate dosages. In 
large dosages, it is emetic. It is an 
expectorant and alterative when taken 
in a small dose. Colocynthin is extre¬ 
mely bitter and has a purgative action. 

Fat contents 

Singh and the author (1978) reponed 
that fresh seeds have comparatively 
higher fat contents than old ones. 
Secondly, C. colocynthis his appreciably 
higher oil contents (Table 1). In fresh 
seeds, oil is 30.i2%-35.6”o with a mean 
of 34.38%. This amount is close to 
the oil contents of some of the 
conventional oil yielding plants like 


I F you get a wound, lick it imme¬ 
diately. It will make it heal faster. 
This is the finding of a ream of doctors 
consisting of J. M. Hutson, M. Niall, 
D. Evans and R. Fowler of the Royal 
Children’^ Hospital in Melbourne, 
Australia, who studied wound healing 
process in mice {Nature 279, 793, 
^ 979 )‘ They made a small cut in the 
skin at the centre of the back of a 
mouse SO that it was unable to lick 
the cut itself. The wounds of mice 
were then observed for healing by 
caging the mice cither alone (no 
licking) or in small groups (licking). 
The size of the wound measured on 
alternate days. The ‘ grouped mice, 
which licked each other’s wound, 
healed much faster than those which 
were caged singly. This suggested that 
there was something in licking which 
enhanced healing process of the 


mustard (35.42%) and safflower 

( 37 %). 

C. coheynthis is a very common 
plant known as Tumba in the local 
dialect. It is well adapted to grow 
under, high thermal load, water stress 
and intense illumination. Cultivation 
of this plant as an oil yielding plant 
may play an important role in the 
economy of desert zone. However, it 
is necessary to analyse the contents to 
identify individual fatty adds in its 
oil. If individual fatty adds of this 
plant are similar to those of mustard 
{Brassica compestris) or groundnut 
(Arachis kypogea\ then it may be¬ 
come a substitute for other conven¬ 
tional oil seed-crops which do not 
grow well in desert. 

K. S. Yadava 
Department of Botany 
University of Jodhpur 
Jodhpur ^342001 


wound. The authors thought that 
the salivery glands might be involved. 
So, they removed the salivery glands 
from a group of mice and compared 
them with normal, intact group. The 
wounds of the group whose sublingual 
and submaxillary glands were removed. 


^^HE horse’s eyes have certain 
^ characteristic features which make 
them function differently from other 
animals. If you Understand the horse’s 
eyes, you may better appreciate the 


healed much slowly as compared to the 
sham-operated controls and the slow 
healing was similar to that observed 
in normal animals caged singly. When 
submaxillary glands were removed 
alone, the healing of wounds was 
slower than in the sham-operated 
controls. Thus the result implied that 
the sublingual glands as well as the 
submaxillary glands contained an 
active substance that affects wound 
healing. It was also observed that the 
parotid glands had no significant role 
in the healing process. 

Further to examine the possibility 
that the healing effect may be 
mediated by both exocrine and en- 
dorine routes, they performed the 
cxpcrimeais with mice whose gland- 
duct were ligated. This showed that 
the wound healing Was faster in gland- 
duct ligated mice than in the sialecto- 
mised mice, suggesting that the saliva 
was necessary for rapid healing. 

Although the authors do not know 
what promotes faster healing, they do 
believe that it is from the mouse 
submaxillary and sublingual salivery 
glands, applied by saliva through lick¬ 
ing and not in the parotid glands. 
The isolation of this factor from the 
glands could be of practical import¬ 
ance in human surgery as the healing 
process is believed to be similar in 
all mammals. 

NAUNDER K. SATIJA 
Defence Institute of Physiology & 
Allied Sciences 
Delhi Canft -110010 


way he behaves. The eyes set of horse 
has been placed on the sides of his 
head. This arrangement imparts 
monocular side vision to the animal, 
i. e., he is able to see things on his 


Licking heals wounds 
faster 


Some interesting facts about 
horse’s vision 
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both sides at the same time. He can 
see almost entirely to his rear. The 
only space he is unable to sec is the 
space blocked by the width of his 
own body. Thus nature has gifted 
him with a side and rear vision. 

The horse has to exercise full 
concentration in focussing on the 
ob]ccts directly in front of him to get 
binocular vision of the objects. When 
he has done so, he is virtually blind 
in other directions. Since the eyes arc 
unable to focus at a distance less than 
about 1.20 m, it is said that horses 
cannot sec what they arc eating. The 
practice of using ‘Blinders’ on the 
horses’s eyes used in transportation 
been evolved so as to make it 
easier for them to concentrate forward 
and use their binocular vision. By 
doing so a horse is totally blocked out 
from what is going on his sides and at 
the rear. Blinders are still used in race 
horses so that animal’s attention is only 
concentrated to where he is going. 
The horse required to jump over high 
obstacle jumps blindly because at the 
final moment of taking flight, the horse 
cannot see the ground nor the obstacle 
before him due to his inability to 
focus at a distance less than 1.20 m . 

Another limitation of horse’s vision 
is that he cannot sec the objects 
clearly which are above the level of 
his eyes. The construction of horse’s 
eyes prevents him from seeing details 
of distant objects as we do. Moreover, 
a horse is colour blind. 

To overcome these vision defects, 
horse makes use of their flexible neck. 
The horse is capable of changing focal 
length for his eyes with the change in 
position of his head. If he raises his 
head, he can see things better at a 
greater distance and with lowering of 
head, close up objects get sharper. 
The best forward focus comes when 
the horse puts his face perpendicular 
to the ground. At this position he sees 
very little of the sides. Therefore, a 
horse going to jump over an obstacle 
should be helped by letting him 
choose his over head and neck posi¬ 
tion for best possible vision. The 


ability of the horse to adjust focal 
length of eye by head position is made 
possible due to shape of retina (view¬ 
wing mirror at the back of eye ball) 
which is flattened in horse’s eye in 
contrast to other aninuds who possess 
nicely curved retina which gives a 
sharp image. In addition, the lens and 
cornea of the horse arc not properly 
shaped. They are 'Somewhat like a 
scratched camera lens with irregulari¬ 
ties on its surface which will not allow 


a sharp vision. Nowadays experts 
believe that horses who see the best 
in front of them are the smartest. 
Frontal vision is best in those horses 
whose eyes arc more centrally located 
on either side of rather narrow fore 
head. 

O. P. Nangia 
Assoc, Prof, of Physiology 
Haryana Agricultural University 

Hissar 


Breeding strategies 
of ostriches 


03 trich (Struthio camelus) 

is the largest of living birds. Adult 
males stand about 2.5 mtall and weigh 
more than 135 kg; the females 
are slightly smaller. Only a few decades 
ago, ostriches ranged from the Arabian 
and the Saharan deserts southward 
throughout Africa The last ostrich in 
Saudi Arabia was shot and eaten in 
1944. Today they are mainly found 
in central Africa, esp>ccially in the 
teeming national parks and sanctuaries 
of Tanzania, Kenya, Uganda, Somalia 
and Zambia. 

Ostriches live in open, dry coun¬ 
try in loose bands of 5 to 15 birds. 
They show a sort oi symbiosis with 
zebra, wildebeest, ga2^11e and ante*' 
lopes. These heavy browsing herbivores 
stir up insects, lizards and rodents 
which the ostriches relish. In return, 
the birds, with their long necks, spot 
approaching danger and alarm the 
herbivores. 

The flightless ostrich obviously 
nests on the ground. Though the 
ostrich lays the largest egg of any 
living bird, but oddly enough the egg 
is one of the smallest in relation to the 
size of the bird. The hard-shelled egg 
is white to yellowish in colour and the 
shiny surface is ornamented by superfl- 
cial pores of different sizes and shapes. 


Like other ground-nesting birds, 
elaborate arrangements for the nest 
are not made. The female ostrich 
scrapes out a large depression on the 
ground in which she lays 10-12 eggs. 
Sometimes upto 30 eggs or more are 
found in one nest—^thc result of several 
females laying communally. Due to 
large size of the egg and hard shell, 
the ostriches can afford to lay only on 
alternate days. 

The ostriches are extremely alert 
and wary birds, so, until recently it 
was almost impossible to study them 
in the wild. lucouiplctc and inaccurate 
observations led to many^ mistaken 
beliefs about them. For example, one 
of the popular legends is that ostriches 
bury their heads when danger threa¬ 
tens. In the early 1960’$, a husband 
and wife team of zoologists, the Sauers 
{The Living Birds^ 5, pp. 45-75), 
extensively studied these birds in 
South West Africa by iitgeniously 
disguising their blind in the form of a 
termite mound. Soon the bewildered 
birds became accustomed to the 
‘mobile’ mound and the two zoologists 
made some remarkable discoveries 
about the social life of ostriches. 

Concentrating his studies on the 
Masai Ostrich (Struthio camelus 
massaicus), recently Brian C. R. 
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Bertram of the King’s CoDcgt, Cam- 
bcidgc» U. K. found that imUke many 
polygamous birds, male ostriches do 
not form ‘harem’. Ocher females )u^ 
Uv^e in the vidnity of a pair (personal 
communicatioo). The adult sex-ratio 
is biased, vsith females per male, 
Depeoding upon their status, the 
females are categorized as ‘major hen’ 
or ‘minor hen’. A major hen initiates 
nest-making and with the male does 
all the incubation. Cryptically-coloured 
female sits on the eggs during daytime, 
while the dark male incubates in 
night. The minor hens, which drift 
from territory to territory, promiscuou¬ 
sly mate with different males and lay 
their c^gs in different nests. However, 
major hens soon push many eggs of 
minor hen (k) into a surrounding ring, 
1-2 m away, leaving 18-25 eggs together 
in a central group. Only the central 
eggs are incubated. 

Until] now, it was widely believed 
that the most advanced eggs (in 
development) arr pushed our beside 
the nest to synchronize hatching. 
However, Bertram (personal communi¬ 
cation) has ftiund that “eggs are rolled 
out at the start of incubation”. Through 
meticulous studies of the surface 
texture, relative size, shape and col¬ 
our, Bertram (Mzmre, 279 : 233-234, 
1979) found that the major hens avoid 
pushing out their own eggs. Never¬ 
theless, all eggs of minor hens are not 
pushed out of the nest. In one nest, 
9 out of 19 eggs belonged to major 
hen, but all the 9 c^gs in outer, unsuc¬ 
cessful ring belonged to minor hens. 

Now the question arises, why the 
major hen rolls out minor hens’ eggs. 
The answer is complex and could be 
provided by detailed studies of the 
behaviour of the species. 

It is to be noted that for successfiil 
Incubation and rearing of chides both 
%he female and male ostriches are 
required. Unlike other polygamous 
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birds, for example, peacocks, certain 
pheasants, etc., female ostrich alone 
is incapable of rearing the brood. 
Insptte of this fact, there is always 
preponderance of females, thus, a 
few females (i.e., minor hens) remain 
unpaired but not unmated, thanks to 
the promiscuous nature of the male. 
Now if these minor hens make their 
own nests there will be hardly any 
chance of the survival of nests in 
absence of the attending males. There 
arc two options left for them : either 
two or three minor hens can nest and 
incubate commimally, or, they can 
dissipate their eggs in the well-guar¬ 
ded major hens’ nests. They cannot 
choose the first option because female 
ostriches have a tendency to sit on the 
eggs only during daytime. In these 
collectively nesting minor hens, the 
egg*^ will be well guarded during day 
but n^lected duiing night. Therefore, 
the minor hens choose the second 
option and lay their eggs in major 
females’ nests. Even though the major 
hen pushes out some “foreign” eggs 
but still many eggs of minor hens arc 
left to be successfully raised. 

Moreover, the major hens also 
derive certain advantages by the 
presence of “foreign” eggs. It is 
because the minor hens’ eggs dilute 
and buffet the major hen’s eggs; 
if a predator removes one egg, it is 
less likely to be one of her own. Bertram 
in a paper presented in the ryth 
International Ornithological Congress, 
held in West Berlin in 1978, reported 
that the predators do not always 
destroy the whole nest—91 per cent of 
surviving nests had one or more of 
their eggs destroyed. Therefore, the 
larger the number ai^ larger the 
mixture of eggs, the less likelihood of 
distruction of major hen’s eggs. 

The second factor is the relative 
size of the egg in comparison to the 
body ; ostrich eggs are only 1.5 
per cent of adult bird’s body weig^ 
However, due to the thidmess of the 
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shell, the body could not mobilize 
necessary caldum for daily laying of 
eggs, as a result of whidi ostriches lay 
relatively small eggs (in comparison 
of body) and that also only on alternate 
days. Now, if they lay 20 to 25 eggs 
(their normal incubation capacity), 
it will take at least 40-50 da)rs to lay 
the eggs. The longer the nesting period 
the more the parental troubles and 
chances of nest destruction* There 
fore, it docs not cost her (the major 
hen) a loss in fitness to incubate extra 
eggs of other birds (the minor hen’s). 

So the ostriches have unique 
breeding strategies. For successful 
hatching and rearing, both male and 
female birds are required but in nature 
females are always in a larger number. 
Though a male ostrich mates pro¬ 
miscuously with females, he devotedly 
lives with his favourite female. ( i.e., 
the major ben). The mated but unpai¬ 
red minor hens lay their eggs in a 
major hen’s nest which is well-guarded 
by the male ostrich. They have the 
satisfaction that at least a few of them 
will be successfully hatched and 
reared. The major hen has two advan¬ 
tages; (i) she keeps a few of the 
minor hens* eggs as a buffer stock to 
protect her own eggs, and (2) she 
incubates a few eggs of minor hen(s) 
and thus campletes her nest according 
to her brooding capacity. In this 
way, she makes up for the loss of eggs 
due to her physiological handicaps. 

Asad Rafi Rahmaki 
Zoology Deptt. 

AUgarh Muslim University 

Altgarh -202001 {U.P.) 
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From garden to medicine chest-— 
the Madagascar periwinkle 


T he study of plants as a source 
of food is one of the oldest human 
activities. From earliest times, man 
had to distinguish between plants 
which were poisonous and those which 
were not and he gradually acquired 
knowledge about drug yielding 
plants. Thus began the era of medicinal 
plants. A probe into the plant king¬ 
dom in pursuit of a treatment for 
cancer has brought to light the 
Madagascar periwinkle^ which has 
potential anticancer agents. 

Madagascar periwinkle (Con- 
thatanthus roseus G. Don) is an attrac¬ 
tive plant with pink and white flowers 
fFig. i). It was introduced into the gar¬ 
dens of India from Madagascar as an 
ornamental plant. The original home 


of this plant being Madagascar, it is 
often called Madagascar periwinkle. 
It is variously designated by different 
local names, viz., Baramassi (Hindi); 
Nityapushpa, Kasikanagale (Kannada). 

Periwinkle has a long history be¬ 
hind it. The use of this plant as medi¬ 
cine can be dated back to 50th century 
B.C. The folk medicine literature of 
Europe makes a mention of this plant 
as diuretic (enhancing urine flow), 
antidyesntric, haemorrhagic (pre¬ 
venting excessive blood flow from 
wounds) and wound healing. In the 
folklores of India and Jamaica this 
plant enjoys a reputation of curing 
diabetes. The natives of these coun* 
tries have a strong belief that the ‘tea’ 
prepared from the dry leaves of this 


plant can cure diabetes. The leaves 
are also used in South Africa, Aus¬ 
tralia, South Vietnam, Philippines 
and in England. In South Africa 
and England proprietary preparations 
are available called ‘Covinca’ and 
‘Vinculin’ respectively. They arc 
nothing but leaf infusions of Cathor 
ranthus. 

The folklore mention of this plant 
as anti-diabetic attracted the Canadian 
scientists Noble, Beer and Cutts 
(1958). With an intention of bringing 
this into modem medicine, they tried 
the aqueous extracts of the leaves of 
this plant on diabetic rabbits. They 
found that it had no cfiect on reducing 
blood sugar leveL The^r did not stop 
at this stage but injected the aqueous 
extracts into rabbits by the intrave¬ 
nous route. To their astonishment the 
animals were affected in an unexpec¬ 
ted manner. The rabbits died follow¬ 
ing an injection within 5 to 7 days. 

Investigating into the cause of the 
death, they found that it was due to 
septicaemia (a condition wherein-the 



1. Catkaranthus rasM 

S^fENC^E REI^TER JUNE 







SCIENCE SPECTRUM 





disease organisms attack due to the 
failure of body immune system). 
Liver and kidneys were attacked by 
bacteria. On culture, Pseudomonas 
(bacteria) were constantly found. As 
these organisms were not seen in the 
extract injected into rabbits, the 
scientists concluded that it 
was an internal infection. Conti¬ 
nuing their investigations, they 
established that Catharonthus roseus 
extract has a definite effect on white 
blood corpuscles. The extract as in¬ 
jection was capable of bringing down 
the white blood corpuscles in the 
blood. After this discovery by the 
Canadian scientists it was concluded 
that rabbits* death followed the failure 
of body immune system. The reduc¬ 
tion of white blood corpuscles redu¬ 
ced the inununity of the body to the 
pathogens and paved the way for 
Pseudomonas (bacteria) attack. That is 
how rabbits died due to septicaemia. 

The unexpected death of rabbits 
provided new hope for treating blood 
cancer (leukemia). In case of Leu¬ 
kemia patients, there will be increa¬ 
sed bone marrow activity leading to 
an increase in the white blood cor¬ 
puscles in the blood. From their 
earlier experiments on rabbits, the. 


scientists had found out that the 
leaf extract reduced white blood cor¬ 
puscles of the blood. This prompted 
them to try the extract on leukemia 
patients. They found that water ex¬ 
tract of 2 grams of dtied leaves of this 
plant caused a reductii>n in white 
bloud corpuscles to beluw 10,000 in 
3 to 4 days. Thc> decided to attempt 
a chemical purification of the extraa 
and this led to the isolation of Vin- 
caleukoblastine—an active anticancer 
drug. Svoboda, tested the periwinkle 
extracts in Eli-Lilly Research La¬ 
boratories (Indiana, USA) and con¬ 
firmed that the extract is useful against 
acute leukemia. 

The other two important alkaloidal 
drugs found in this plant are the Re- 
serpine and Ajmalcine. Earlier, the 
important source of reserpine was 
Rctuwolfia serpentina (Sarpagandha). 
Reserpine, by acting on the central 
nervous system, is capable of bringing 
down the high blood pressure (hyper¬ 
tension). For the manufacture of this 
important dnig American pharmaceu¬ 
tical companies used to import the 
Rauwolfia roots ftom India. To their 
surprise, they fbuediu one lot a higher 
content of reserpine. Investigating 
into this they found that the roots of 


Rauwolfia were mixed with C. roseus 
roots. This adultration was mainly 
responsible for the discovery of reser¬ 
pine in the roots of Catharonthus 
roseus. 

The above two incidences empha¬ 
sise that chance discoveries are still 
made in science. 

These discoveries have contributed 
much to the medical field in general 
and to cancer therapy in paai- 
cular. Two of the alkaloids present 
in the leaves of this plant are presently 
available as prescription drugs. They 
are Vincaleukoblastine and Vincris¬ 
tine. 

Vincaleukdblastine is available in 
its sulphatcd form. Hence it is called 
vinblastine sulphate. It is unstable and 
hence available in the sealed ampoules 
which should be stored in refrigerators 
to assure extended stability. This is 
used in the treatment of a wide variety 
of cancers and is recommended for 
Hodgkin’s disease (cancer of lymph 
glands). It should be administered 
intravenousely ir doses r^^latcd by 
the {:aticnr's age, body weight and 
white blood cells in the blood. The 
usual dose is 100 micrograms per kg 
of body weight. Each succeeding dose 
should be increased by 50 micrograms 
per kg of body weight once a week 
It is available under the trade name of 
Vclban. 

Vincristine sulphate is also uor 
stable and refrigerated storage is in¬ 
evitable. It is recommended against 
leukemia in children. The dosage is 
50 microgram per kg of body weight, 
initially, each succeeding dose increa¬ 
sed by 25 micrograms per kg of body 
weight until optimum therapeutic 
benfit is seen. Its trade name is On¬ 
covin. 

In addition to curing blood cancer, 
cancer of lymph glands and high blood 
pressure, Catharonthus alkaloids «are 
also known to have antimalorial, anti- 
helmentic, anridiurctic, antib^erial 
and antifectility activity. Though con¬ 
tradicting to the work of Noble, Beer 
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and Cutts, it is interesting to note that 
Astbana and others from Regional 
Research Laboratory, Jammu Tawi, 
have reported antidiabetic activity of 
this plant. They may isolate the 
active ingredient and provide a subs¬ 


titute for oral insulin. 

G. N. Mohan Kumar 
H. B. LlNGlAH 
Divn, of Horticulture 
GKVK Campus 
University of Agricultural Sciences 
Bangalore ^&60066 


Pesticides degrading plasmids 


li^ICRO-organisms play a central role 
in the degradation and recycling 
of all naturally synthesized organic 
molecules. Without the aaivity of 
microbes such organic compounds 
would accumulate and pollute our 
environment. Since World War 1 a 
vast array of synthetic organic com- 
p>ounds have been introduced for use 
in agriculture as insecticides, weedi- 
cides, rodentiddes, fungicides, etc., 
where they are essential for continued 
productivity. Use of synthetic pestici¬ 
des which appear to have no 
counter-parts in nature, pose a 
challenge to the natural degradative 
processes of micro-organisms. Whether 
a pestidde persists or is degraded 
as in many cases depends upon 
microbial processes. Hence, devdop- 
mt nt of such microscopic spedes which 
can degrade the nonbiodegradable 
pestiddes cr acederate the process of 
degradation of some highly persistent 
pesticides can solve to a great extent 
the environmental problem arising due 
to continued use of these compounds. 

Recently two Australian scientists 
have discovered the role of specific 
plasmids which can readily degrade 
the compounds of phenoxy acetic add 
group. Excepting the recalcitrant pesti¬ 
cide 2, 4, 5-T of this group all other 
compounds such as phenoxy acetic 
add (PAA), 2-methyl, 4-chlorophcDoxy 
acetic acid (MCPA) and 2,4-dichloro- 
phenoxy acetic acid i, 2, 4-D) have 
been, found to be degraded by a 
bacteria Alcalingenes paradoxus^ They 


have observed that certain bacteria cells 
contain plasmids conferring the 
ability to degrade the naturally occur¬ 
ring molecule PAA (phenoxy acetic 
acid). After the application of 
for agricultural purposes these organi¬ 
sms come ip contact with new but 
identical molecules. The exposure, 
thus results in the selection of cells 
in which the plasmids have evolved 
the ability to dq^ade 2,4-D. This 
evolutionary process involves two 
courses. First, the plasmid paa gene is 
duplicated. Second, oce copy of the 
paa gene mutates to become a tfd 
gene which is capable of degrading 
2y4~D. The advantage of this evolu¬ 
tionary process is evident from the 
fact that bacterial cells evolve the 
ability to degrade the synthetic mole¬ 
cule 2,4-D and at the same time retain 
the ability to degrade the naturally 
occurring molecule PAA. 

The 2y4-D degrading bacteria carry 
the bulk of their genetic determinants 
on a single, large, circular chromosome 
which is also called plasmid. These 
plasmids are transmissible from one 
bacterial cell to another by a process 
known as conjugation. During the 
conjugal • process, the cell possessing 
the transmissible plasmM (the donor) 
produces a conjugal tube which atta¬ 
ches to a second cell w^hicb lacks the 
plasmid (recipient). The donor cell 
makes two identical copies of the 
plasmid. One plasmid copy is retained 
by the doner while the second is 
transferred rapidly to the recipient cell 


via the conjugal tube. Thus, the 
plasmid and the genetic information 
it carries can be transferred rapidly 
to a population of bacterial cdls which 
originally did not possess it. 

Rapid evolution and spread of 
2y4-D plasmid in response to the 
environmciita] use of 2,4-D prevents 
any possible enviroamental pollution 
by this chemical and structurally 
related synthetic pesticide MCPA. 
If the 2,4-D degrading plasmid is a 
pointer, similar other genes capabh: of 
degrading a vide range of highly per¬ 
sistent pestiddes such as organochlo- 
rines can be evolved. Originally, the 
plasmid theory has been assodated with 
the depleting efficacy of antibiotics 
due to development of resistance 
among bacteria, but its application 
in the field of environmental science 
may be helpful in providing effective 
measures to combat the poilutional 
hazards caused by the use of toxic 
chemicals in agriculture and public 
health. 

H. C JosHi 
Chemistry Department 
University of Allahabad 
Allahabad-2n 002 


Biofertilizers 


N itrogen is a free commodity in 
the atmosphere* A positive balance 
of usable nitrogen on the earth 
depends upon nitrogen fixation which 
is the process by which atmospheric 
nitrogen, N„ is converted either by 
biological or chemical means to a form 
of nitrogen^ such as ammoxua, KHs, 
that can be used by plants and other 
biological agents* In biological nitrogen 
fixation micro-organisms, dther free- 
living ot in symbiosis with plants 
(mainly in root nodules), reduce 
to NH, at atmospheric pressure and 
{Continued on page 424 ) 
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Interview 

K. Chattopadhyay 


CC^RY to give a young boy a 
^ glimpse of the treasure and 
beauty that is science, the rest will 
come naturally. I was encouraged to 
take up science the same way,” says 
Dr Kamanio Chanopadhyay, the 
winner of Indian National Science 
Academy (INSA)’s Young Scientist 
Medal 1979 in engineering sciences. 
Dr Chattopadhyay further adds that 
he received in plenty the encou¬ 
ragement to take up science from 
all quarters—family, friends and 
teachers. In fact, science research as a 
career was “the most natural thing” 
for him to take in the ertviroament he 
was brought up. Few Indian scientists 
can boast of such a happy beginning 
in science. 

Dr Chattopadhyay, who is pre¬ 
sently a lecturer in metallurgical en* 
ginoering in Banaras Hindu Univer¬ 
sity, definitdy enjcqrs science and his 
research on materials. “You try to 
understand materials stq> by step, 
system by system, ” he replied to one 
of my questions, “and at the same time 
try to find out a unifying picture, 
which ‘will give you the predictive po¬ 
wer useful for a technological design”. 
He says that each small step is impor- 
tanc and hard labour aocompanied 
with rational thinking is the key in 
research. He always finds, he adds, 
the research problem he is tackling 


at the moment the most exciting chal¬ 
lenge. 

Bom on March 3, 1950 at Khan- 
dua, Madhya Pradesh, Dr.- Chatto¬ 
padhyay belongs to a highly educated 
family. After passing B.E. from Re¬ 
gional Engineering College, Durga- 
pur, he did M.Sc. in metallurgical 
engineering and Ph.D* from Banaras 
Hindu University, Throughout his 
career, he stood fint in his class and 
even received the University Gold 
Medal in 1973 when he passed M.Sc, 
He ba^ed the INSA medal for his 
researches on rapid solidification of 
metals and alloys. 

“When metals or alloys arc solidi¬ 
fied at a rate of more than million deg¬ 
rees per second, they often undergo 
structural changes leading to new 
kinds ot material. These changes in¬ 
clude formation of new crystalline 
phases having different atomic arran¬ 
gements and formations of metallic 
glass having completely disordered 
atomic arrangements. They are a new 
kind of materials and often exhibit 
properties not easily attainable in 
normal materials. For example, a 
metal glass may have very high stren¬ 
gth and corrosion resistance while it 
retains most of the metallic proper¬ 
ties.” Dr Chattopadhyay’s researches 
concern developing suitable produc¬ 
tion processes and trying to under¬ 
stand these products through electron 
microscopy. 



Dr. Chattopadhyay 


Commenting on research in India, 
Dr. Chattopadhyay says that our 
scientists are really doing a good work 
considering the prevailing environ¬ 
ment, both mental and infrastruaural. 
He however adds that the standard 
of research varies too much and so the 
average is not so bright. “Our scien¬ 
tists,” he adds emphatically, “mostly 
do extension work rather than tackling 
problems at the emerging frontiers. A 
particular kind of science culture, 
which promotes daring, unconven¬ 
tional and yet rational course in re¬ 
search, is mostly missing in the world 
of Indian research”. 

Dilip M Salwi 


Symposium on Small Craft 


^HE Research & Development 
^ Establishment (Engrs) of the 
Defence Research & Development 
Organisation, Ministry of D^cnce, 
proposes to conduct a symposium on 
Small Craft at Pune in February 1981. 
The object of the symposium is to pro¬ 
vide a forum for coming together of 
academicians, naval architects, struc¬ 


tural ei^ineers, material technologists 
and boat builders to discuss the tech¬ 
nical aspects of the various problems 
faced by them and to arrive at mutually 
beneficial conclusions. This will also 
hdp in promoting advancement of 
marine technology as applied to small 
crafts 

All types of small boats and me- 
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dium-aized landing craft used in 
rivers^ canals and sheltered water 
creeks are proposed to be covered in 
the sytnposium. The papers will be 
generally grouped ,under following 
heads : Materials of construction; 
Design considerations with special 
lefcrcnce to the evaluation of 
resistance; Fabrication techniques and 
practices; Propulsion and navigation 
systems; Inspection procedure and 
quality assurance. 

Special guest lectures by eminent per¬ 
sons in the held will also be arranged. 

In addition to the symposium, 
an exhibition of small craft will also 


A symposium on '^Utilisation of 
^ Animal Resources of Orissa” 
was held in the P. G. Department 
of Zoology, Utkal University, Bhuba¬ 
neswar on the 22nd and 23rd March 
1980 under the joint sponsorship of 
the Post-Graduate Department of 
Zoology, Zoological Society of 
Orissa and Orissa Association for Ad¬ 
vancement of Science. Prof. B. K. 
Behura presided over the sessions on 
both days. In total 20 abstracts 
were accepted aitd out of these, 14 
papers had been presented. 

In his presidential remarks Prof. 
Behura stressed on the need of a Snake 
Park in Orissa. He also described that 
Cantharidin is extracted from some 
species of beetle of the families Mdoi- 
dac of which Mylabris Pustulata is 


be arranged. All boat manuftKnurers 
are requested to display their products 
so as to popularise them. 

The registration fee for individual 
dd^tes is Rs. 225/- whereas the fee 
for Industrial/Insdtutional regis¬ 
tration is Rs. 200/-. The last date for 
receipt of intimation for submission 
of papers is 15 August 1980. 

Those interested in taking part in 
the symposium may contact : 

Lt. Col. R. G. Wastrad, EncRS. 
Convener 

Symposium on *Small Craft" 

R & D £ CEngrs) 

Dighi, Pune 411015 


quite comnton in Orissa. Papers 
dealing with crocodile projects and 
utilisation of tasar silk resources of 
Orissa were prescribed. Utilisation of 
amphibians for food, and pest control 
and insects for detection of ciime were 
dealt with. 

P. M. Heimadi added some points 
on frog-culture and said that it was 
difficult to promote good thigh deve¬ 
lopment in frogs In Japan this pro¬ 
cess is enhanced due to its corel.*!- 
tion with the silk industry in which 
waste cocoons serve as food to frogs. 

JYOTSHNA KANUNGO 
P. G. Depn. 'of Zoology 
Utkal University 
Vani Vihar 
Bhubaneszvar 


axid COMPENDEX for Indian scien¬ 
tists. These data bases include biblio¬ 
graphical information pertaining to 
chemistry, chemical engineering, 
technology, physics, computers 

and control and all branches of 
engineerii!g. The information is 
useful for keeping track of currfatt 
developments in these specialities. 
Scientists engaged ^in teaching, re¬ 
search, product development and pro¬ 
duction oriented activities will be 
benefited by utilising the service. This 
current information is searched by 
means of most modem computers on 
individual basis, group basis and pro¬ 
duct basis. The service will be made 
available once in a month from 
INSPEC and COMPENDEX twice a 
month from CA Search. With a 
view for maximising benefits to the 
Indian scientists, INSDOC will be 
^conducting a series of training courses 
for librarians and information per^ 
sonnel engaged in the institutions 
using the computer-based SDI Ser¬ 
vice. It is also planning to con¬ 
duct a day’s exposition on SDI 
Services for the practising scientists 
and engineers. Further details about 
the SDI Service and these courses 
and seminars can be had from Shri 
A. Krishnan, Scientist-in-Charge, 
INSDOC, Hillside Road, New 
Delhi-110012. 


Confe rence 

Nuclear track 
detectors 

T^LEVENTH International Con- 
" ference on Solid State Nuclear 
Track Detectors will be held from 7-12 
Sept. 1981 at the the University of Bris¬ 
tol, England. Further details can be had 
from Professor P. H. Fowler^ H. H. 
Wills Physics Laboratory, Tundall 
Avenue, Bristol BS8 ITL, England. 


Computerised information for 
scientists 

TNSDOC announces a regular from the commercialty available data 
computer-based SDT Service bases, such as CA Search, INSPEC 


Utilization of animal resources 
in Orissa 
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Human influenza 
•^evolution of 
pandemic strains 

OUMAN influenza is of global 

concern for the public as well 
as to medical and public health authori¬ 
ties. As many as 20 million people 
died due to this malady all over the 
world in the pandemic of 1918. It is 
an acute, highly infectious, communic¬ 
able respiratory illness caused by one of 
the influenza virus. The disease, which 
is characterized by an abrupt onset of 
short duration respiratory involve¬ 
ment, often occurs as epidemics 
(involving vast area or country) or 
as pandemics (involving several coun¬ 
tries or the entire globe). It spreads 
rapidly with high attack rate but has 
low mortality. The manifestations 
consist of fever, chills, headache and 
generalized muscular pains. Sometimes 
a sore throat is followed by hoarseness, 
nasal obstruction, nasal discharge, 
sneezing and cough. Deaths as a result 
of viral pneumonia are rare. However, 
superinfection due to bacterial agents 
in very young and old age groups, or 
in those debilitated by chronic pulmo¬ 
nary or cardiac disease may prove 
dangerous. 

The causal agent of influenza is 
a single-stranded RNA virus of helical 
S3ftnmetry (Fig. i)* The infectious 
virus particle is spherical in shape, 
8oom-i2o nm in diameter and padted 
in a lipc^rotein envelope. Filamentous 
forms of virus arc also seen. The 
influenza virus is dasrified under 


^myxovinises*, which means a virus 
having affinity for mucoprotein 
(glycoprotein) substance. These 
viruses are able to adsorb to red blood 
cell’s (RBC) mucoprotein receptors 
and to elute (dissociate) from them 
subsequently, i.e., haemagglutination 
followed by spontaneous elution. The 
elution is accomplished by the destiuc- 
tion of RBC receptors by a viraf enzy¬ 
me, neuraminidase. The property of 
viral haemagglutination was discover¬ 
ed for the first time by George K. 
Hirst at Public Health Research 
Institute of New York in 1941 by a 
chance rupture of a blood vessel while 
harvesting the allantoic fluid from 
influenza virus infected chick embryo. 
Influenza virus has been associated 
with several milestones in the develop¬ 
ment of medical virology. Isolation of 
the virus in ferrets by W. Smith, C.H. 
Andrews and P. P. Laidlaw in 1933 
and subsequent pioneering work by 
Nobel Prize winner, F. M. Bumet of 
the Walter and Eliza Hall Institute of 
Medical Research Melbourne, Australia 
in 1940, by growing the virus in 
embryonated chicken eggs opened 
new vistas for the study of viruses. 

There are three distinct immuno¬ 
genic types of influenza virus, viz., 
A, B and C. The types are further 
subdivided into ‘subtypes’. For exam¬ 
ple, type A virus has subtypes Ao, At 
and A2. The subtypes arc differentia¬ 
ted into ‘strains’. The A, B, C types 
are classified on the basis of their 
distinct soluble ribonucleoprotein (NP) 
antigens. The NP antigen is common 
to all the straps within a type. The 



subtypes and strains are differentiated 
on the basis of the haemagglutinm 
(HA) and the neuraminidase (NA) 
antigen types present on the envelope 
of the virus. The hacmagglutinin is 
a rod-shaped glycoprotein polymer 
whereas the neuraminidase is a 
mushroom-shaped glycoprotein poly¬ 
mer (Fig. 2). Although all the three 
types infect man, only the type A 
virus is known to infect some of the 
animal species, viz., birds, horses and 
swine. 

Nomenclature of Influenza viruses 

The system of nomenclature 
currently in vogue is based on all the 
three major antigenic components, 
viz., NP, HA and NA antigens. The 
description includes following points : 

(a) The antigenic type of ribonu- 
cleoprotcin (Type A, B or C); (b) The 
place and animal species (in case of 
animal origin strains) from where 


Table 1. Antigenic make-up of pandemic strains of influenza vims 


Year of 
Pandemit 

Designation of strain 

Association of pandemic 
with antigenic shift in 

HA NA 

Previom 

Current 

1918-1919 

AD 

A/Londoa/1/35 (HonO 

+ 

1946 

A1 

A/FM/l/47 (H,Ni) 

+ — 

1957 

A2 

A/Singaporc/1/57 (H^,) 

•f + 

1968 

Hong Kong 

A/Hong Kong/1/68 (HsK,) 

+ — 
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isolated; (c) Strain number; (d) Year 
of isolation, and (e) A description of 
the HA and NA antigens. 

Following are some of the examples* 

(i) AHong Kong/i/68 (H, , 

(ii) A/Singapoie/i/57 (H* N^), 

(iii) A/Turkey/Wisconsin/i/66 (Hav 5 
N2), and (iv) A/Swine/Taiwan/i/70 

(Ha Na). 

Thus, the major inhuexxza pandemic 
which arose in Hong Kong in 1968 is 
designated A/Hong Kong/1/68 (H3N2) 
to denote the type, A> the location, 
Hopg Kong; the isolate number; and 
the year, 1968. The bracketed letters 
and numbers indicate that only its 
HA, but not NA, antigen was distinctly 
different from that of the earlier sub- 
type recovered from Singapore during 
1957 pandemic. A/Singapore/1/57 
(HaN,). 

Antigenic variation and pandcmica 

Major changes in HA or NA or 
both antigens (H, to N, or N^ to N*) 
are known as ‘antigenic shift’. On the 
other hand, minor antigenic variations 
within a particular HA or NA antigen 
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are referred to as ‘antigenic drift’. 
The epidemics of influenza occurring 
every i to 3 years are attributed to the 
antigenic drift on account of minor 
changes in the envelope antigens of 
the virus. The pandemics whic^h occur 
at longer intervals are due to antigenic 
shift. The world has experienced 
four major influenza pandemics during 
1889-1890, 1918-1919, 1957-1958, and 
the latest in 1968-1969. Evolution of 
these pandemics as a result of antigenic 
shift has been given in Table i. 

As is evident from Table i> the 
pandemics of 1946 and 1968 were 
due to antigenic shift occuiring in 
HA antigen whereas the 1957 pande¬ 
mic involved antigenic shift iin both 
HA and NA antigens. It has been 
postulated that large change^ in the 
HA antigen in 1946 and in 1968 
were due to genetic recombination 
(reassortment) between human and 
animal influenza viruses. The A2 
subtype of 1957 pandemic differred 
not only in HA axxd NA antigens from 
all previous strains but also in many 
other characters. Origin of such a 
virus was considered to be from 
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extrahuman source due to recombina¬ 
tion, i.e., sharing of genetic material 
between human and animal strains. 
It is now known that animal strains 
of influenza A occur in many animal 
species including swine, horse and 
several avian species, viz., chicken, 
turkey and duck. £xpcrimen«^al 
infection of animals with two different 
influenza virus strains has shown that 
recombination is possible in dual in¬ 
fection. Due to the possibility of cross- 
infection of type A viruses of man 
and animals, theJatter are considered as 
the natural factories for the produc¬ 
tion of new recombinants capable of 
causing new pandemics. This very 
fact not only puts influenza under 
zoonoses (diseases transferable between 
man and animals) but also emphasizes 
the role of animal influenza strains 
in evolving new pandemic strains 
from time to time. 

Inter relationship between animal 
and human influenza viruses 

The first evidence for interrelation¬ 
ship between animal and human in¬ 
fluenza virus was demonstrated by a 
veterinarian, J. S. Koen of Foit Dodge, 
Iowa in 1919 when an outbreak of in¬ 
fluenza in swine was reported just after 
1918 pandemic. It is now believed 
that the human strain of 1918 
pandemic and the then swine influenza 
virus were closely related and 
the latter strain was believed to have 
originated from the human strain. 
Presence of neutralizing antibodies in 
swine herds against human strains in 
New Jersey in 1938 further strengthen¬ 
ed this view. It is interesting to note that 
the human virus responsible for 1918 
pandemic ceased to cause disease in 
man by 1925, whereas its swine variant 
continued to cause annual outbreaks 
in U.K. 

The next evidence suggesting 
interspecies relationship between in¬ 
fluenza viruses came from the fact 
that antibodies against A/Equig in¬ 
fluenza virus were found in the sera 
of older persons. About 45% of the 

.RTNH 19S0 
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persons^ bom between 1889 and 1895, 
possessed antibodies against HA and 
NA antigens of A/Eqtii 2/Milford/ 
2/63 strain. The sera used were collec¬ 
ted in I 9 S 7 and I95S> i.e., approaiina- 
tely 6 years before the first known 
prevalence of A/£qui 2 virus. J. L. 
McQueen of the School of Public 
Health, University of Michigan, in 
1965 suggested that a virus closely 
related to 1963 equine strain (A/£qui 
2/63) was responsible for the episode 
in m an in 1889. This vims perhaps 
entered in human population between 
1889 and 1895 disappeared from 
human population by 1900. 

It is now suggested that the Hong 
Kong human influenza virus did not 
evolve by mutation from a pre-existing 
human strain. Possibly it arose from a 
mixed infection in a mammal or bird 
of an animat influenza virus and a 
human Type A Asian strain. As such, 
animals besides serving as a source of 
antigenic variants, could play an 
important role in human diseases by 
serving as a reservoir for influenza 
virus strains which may be reintroduc¬ 
ed into human population when the 
general immunity wanes. 

Reeombinaitloii in influenara virus 

Recombination means sharing of 
genetic material between two strains 
of virus. Recombination within type 
A and B strains has been demonstra¬ 
ted but it does not occur between type 
AandB. Influenza virus has a seg¬ 
mented genome (Fig. 2), consisting at 
least 7 pieces of single-stranded RNA. 
The segmentation of genome facilitates 
reassortment of the genome in the 
event of a mixed infection with 
different strains. 

An interesting phenomenon is the 
rapid and universal replacement of the 
strain of influenza virus prevalent at 
at particular time by the strain that 
succeeds it. In addition to the exam¬ 
ples cited above for 1889 and £918 
^ pandemic strains, the AO stiain and 
Ax strain virtually disappeared when 
subtype Ai and Aa spread around the 


world during the year and 

1957-58, rcspcctivdy, 

Immiinity 

Acquired immunity to a given 
strain is adequate for i to 2 years after 
natural disease. The infection induces 
antibodies against all the antigens of 
virus (Np, NA and HA). However, 
from protection point of view impor¬ 
tant antibodies arc those directed 
against haexnagglutinin and to a lesser 
extent, against neuranunidasc antigen. 
The protection depends on the con¬ 
centration of neutralizing secretory 
Inununoglobulin A-(lgA) in the 
respiratory mucosa. This specific 
antibody is in low concentration and 
is not able to prevent reinfection with 
the strain having slightly altered 
antigenic pattern, thus favouring the 
survival and spread of these strains 
leading to antigenic drift. 

Prevention 

Influenza vaednes are available in 
some countries. An ideal vaccine must 
incorporate the current strains of 


influenza A and B. Influenza surveil¬ 
lance centres in over 50 countries ena¬ 
ble early detection of new mutants, 
so that once a new strain is identified, 
it is distributed immediately to vaedne 
manufacturers around the world. The 
current vaccines consist of formalin 
inactivated chick embryo^s allantois 
grown purified virus. The resulting 
inactivated vaedne is given subcutan¬ 
eously or intramuscularly. The possi¬ 
bility of using live intranasal influenza 
vaccines, originally introduced by 
F. M. Burnet of Australia during 
World War II, is biing re-examined. 
A recombinant between A2/ 
Hong Kong/68 (H^ N*) strain and a 
temperature sensitive mutant of the 
Ht Na subtype has been found to be 
sufficiently attenuated to make a 
suitable vaccine. 

M. P. Yadav 
Deptt. of Microbiology 
& Public Health 
College of Veterinary Sciences 
G. B, Pant University of 
Agriculture Cf Technology 
Pantnagar (Nainital) U,P. 


Novel asthma related molecule 
synthesised 


T he chemistry of the slow reac¬ 
ting substance of anaphylaxis 
CSRS), a biologically potent molecule 
well-known for its role in the lungs 
during asthma attack has remained 
elusive for the last forty years since 
its discovery. Recently SRS 
(also called Leukotriene C) has been 
synthesised jointly by the Harvard 
P'tofessor E. J. Corey and his cn- 
workers along with B.I. Samuelsson of 
Karolinska Institute, Stockholm 
Am. Chem. Soc., IC 2 , 1436 , X 980 ). 
The related substances are also called 
eicosanoids and belong to a family of 
long chain fatty acids of potential 
biological interest. SRS f.s generated atid 
released by most cells which can con¬ 
gregate in the lung tissues. The trigger 
for such a release is the arrival of the 


antibodies of the IgE family, which 
in turn respond to the foreign substance 
called allergens. This cascade can 
cause dramatic effects which in worst 
cases can develop into anaphylactic shock 
and death. SRS is an important end 
product in the cascade. Corey predicts 
that the molecule car take part in other 
physiological aaivities under normal 
conditions. This unusual biochemical, 
where a peptide unit is linked covalen¬ 
tly to a fatty acid, was reported 
incorrectly last year by Samuclssou. 
The short bioniimcric scheme is also 
being developed by the Hatv<irU group 
which can utilise the well-known 
ar.idddonic acid. 

C. S. Pa^^a 
Chemistry Department 
Purdue UK^versiry^ U. S. A, 
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Why we feel thirsty 


fJ^EELING of thirst, which forces 
^ oae to obtain and diink water is 
stimulated by two factors; (i) lower 
extracellular volume (when the volume 
of fluid in extracellular space decreas¬ 
es), and (ii) a higher plasma osmolarity 
(the concentration of any solute in 
plasma per unit of total volume of 
plasma). Animals drink water to 
restore osmolarity of their plasma to 
normal; this is required when con¬ 
centration of solutes is more (hyperto¬ 
nic). The animals stop drinking water, 
before the hypcrtonicity of plasma is 
really normalised. Ingested water 
would take some time before it is 
absorbed and becomes part of plasma> 
and only then it would be helpful to 
restore osmolarity. This is apparent 
from the behaviour of a dehydrated 
camel. It quickly drinks plenty of 
water and suddenly stops. These 
observations indicate the probable 
existence of a meter in pharyn¬ 
geal area of gastrointestinal tract which 
controls the behavioral intake of 
water. The nature of this meter remains 
a mystery. In man, possibly because of 
psychic factors affecting fluid intake 
this ‘metering ability’ is i ot so precise 
as in animals. 

There are two sources of body 
water; (i) mctabolically produced fkom 
oxidation of carbohydrates, and 


(ii) intake of water. Sites from which 
water is lost to the external environ¬ 
ment arc skin, lungs, gastrointestinal 
tract and kidneys. Under normal 
(physiological) conditions, water loss 
equals water gain and no net change 
in the volume of body water occurs. 
This is due to the regulatory mechani¬ 
sms of water in the form of pituitary 
intake of water (thirst) and urinary 
loss. Other physiological processes 
which indirectly help vrater balance are 
primarily dircaed in other control 
mechanisms, for example, carbohy¬ 
drate metabolism toward regulation 
of energy balance and sweating towards 
temperature regulation. Thirst mecha¬ 
nism is of great importance, because 
drinking of water is the only way to 
make up the water deficits in body. 
In human beings, it is also true that 
fluid-intake is often influenced more 
by habit and sociological factors than 
by the need to regulate water balance 
in the body. The seleaive control of 
urinary water loss is the major mech¬ 
anism by which water volume is 
r^ttlated. 

Similar to food-intake, thirst is 
also one of the mechanisms control¬ 
led by hypothalamus. Hypothalamic 
lesions (destruction) ab^h fluid- 
intake and electric stinraladon induces 
drinking. In rat, ^thint center* is in 


the lateral h3rpo(lialaiiiua anterior to 
the feeding centre in dog; it is dorsal 
hypothalamus, lateral to the paraven¬ 
tricular nucld. Following ninural or 
experimentally induced oondirions, 
cause drinking in conscious : 

(i) Increased osmotic pressure of 
the body fluids which stimulates the 
osmoreceptors of hypothalamus; 

(ii) Decrease in extracellular fluid 
volume; and 

(iii) Excessive bleeding due to 
injury or surgery. 

The area in hypothalamus, which 
mediates thirst is situated closely to 
the regions responsible for the produc¬ 
tion of ADH (antidiuritic hormone 
or vasopressin)* The receptors for 
ADH controlling reflexes are probably 
identical to those for thirst. Another 
vasopressin substance (Angiotension 
produced by kidneys) is also believed 
to stimulate thirst by direct effect on 
brain. 

The sensation of thirst is inhibited 
cither by direct damage to hypothala¬ 
mus or by altered states of conscious¬ 
ness. Patients with certain brain da¬ 
mage stop drinking and dehydration 
results, if water balance is not restored 
intravenously. 

O. P. GAongA 
DAV Colleget Amritsar 
H. K. Makgat 
Department of Biology 
Gum Nanak Dev University 
Amritsar 


Proper fraction as 
a sum of unit 
fractions 

I T is said that about 4000 yean 
ago the Egyptians had the knotr- 
ledge af fiactional ntemben biit they 
had no aotatioa fiv proper fiicrioBa 
except for a fenr. siidi as 3/3, irtdeh 



they wrote as ^ 5 ^ They had a oota- 
tion for representing mot firacdoirs 
only* which in our dedmal notation 
system could be rq>resented by writ¬ 
ing *—* over the denominator 
oonoemed. So i could be written as 
2 ; x/5 as S and so on. In writing 
a proper fraction other than the ones 
mentioned above they would adopt the 
cumbersome process of writing it out 
as a sum of unit fractions. For ex¬ 
ample 2/5 which equals the sum of 
two unit finactions 1/3 and 1/15 would 
be written as ~3 + Ts . 

The British mathematician J. J. 
Sylvester (1814-1897) devised a sim¬ 
ple technique for representing a proper 
fraction as a sum of unit fractions. 
Although Sylvester worked in the 
realm of higher mathematics^ even 
comparatively trivial things in mathe¬ 
matics such as described below in¬ 
terested him. His interest in mathe¬ 
matics was so great that at one time 
when he was working as an actuary 
for a life insurance company he kept 
alive his interest in mathematics by 
taking a few private pupils. It is rather 
surprising to find that at that time 
Sjdvester’s most distinguished pupil 
was a young woman, Florence Night¬ 
ingale, who in 1854 went out to the 
Crimean War and won universal ac¬ 
claim as a nurse in a military hospital. 


Sylvester’s technique 


Suppose 5/13 is to be converted into 
a sum oi unit fractions. First sub¬ 
tract from 5/13 a unit fraction which is 
just less than 5/13. It is easy to see that 
the unit fraction 1/3 is just less than 
5 /t 3 • 


5 I ^ 

Therefore-— 

13 3 39 

Now continue the process for the 
resulting proper fraction 2/39. It will 
be seen that unit fracrion x/20 just 
falls short of 2/39 


2 X X 

Therefore--- 

39 20 780 

Combining these results 

5111 

13 3 20 780 

It can be proved chat Sylvester’s 
technique when applied to any proper 
fraction will not continue indefinitely. 
In other words, the last unit fraaion 
will be obtained in a finite number of 
steps. 


Sylvester’s technique can be used 
to solve a similar problem, that of 
converting a proper fraction into a 
sum of unit fractions with odd num¬ 
bers only as denominator. It has been 
found that in every case taken up for 
calculation with the help of electronic 
computers the process did not con¬ 
tinue indefinitely, i.e.. It stepped at a 
terminal unit finsetion with an odd 
denominator after a finite number of 
steps. However, it has not been proved 
mathematically that this will always 
be so. 

Prasanta Choudhurv 
Calcutta-7000S5 


Science quiz 


1. The control by light on growth, 
development and differentiation of a 
plant, independent of photosynthesis 

IS : 

(a) Photomorphogencsis 

(b) Phytomorphogenesis 

(c) Phototropism 

2. Study of light effects on living 
organisms constitute 

(a) Photoperiodism 

(b) Photobioh^ 

(c) Vernalisation 

3. Exobiology refers to the 

(a) Study of terrestrial organisim 

(b) Study of exoderm 

(c) Study of life on other planets 

4. Photomorphogenic pigment in 
plants is 

(a) Phytochrome system 

(b) Chalcone pigments 

(c) Chlorophyll 

5. The i^ysiolc^cal active form 
of phytoebrome is 

(a) P660 

(b) P 730 

(c) Mixture of both 

6. All living cdls of a particular 
{riant, except perhaps ooe of the fol¬ 
lowup, contain the oomplcte genooie 


characteristic of that plant 

(a) Xylem cells 

(b) Scivc tube elements 

(c) Meristem cells 

7. Single stranded DNA is pre¬ 
sent in 

(a) T M V 

(b) Salmonella 

(c) 4 X 174 

8. DNA-histone complex can be 
removed from the chromosome by 
treatment with 

(a) 6 M NaQ + Mg(OH), 

(b) I M NaCl 

(c) Not separable 

9. Histone occupys the major 
grooves of DNA at an angle of 

(a) 45° 

(b) 90* 

Cc) 30" to the helex axis 

10. The pheaomeaoa of “low tem¬ 
perature promotion of floweriog” is 

(a) Stratification 

(b) Iii^>action 

(c) Vemalisation 

CHIMTilMANI D. AtxBYA 

Aska Varma 
Cakutta 
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Brain teasers 


1. Join the pointe 

Twenty two points ace shown in 
Fig/ Join these points so as to 
form three triangles. There must be 
a point inside every triangle. 

2. The clever carpenter 

Carpenter Ram Dulal had to con¬ 
struct a table 1.5 m square from the 
odd-shaped board shown in Fig. 2. 
He did it in two sawings. Can you 
too do the same? 

3. Marriage 

NargiS) Namita and Niharika will 
marry the three men named below. 
What are the names and professions of 
the husbands of the three girls if: 

X. Ramal Kishore is a lawyer. 

2. Namita is not engaged to the 
enfrinecr. 


3. The doctor’s future wife is not 
Niharika. 

4. Krishna Kant is engaged to 
Nargis. 

5. Kalp Nath is the engineer. 

4. The scrambled labels 

You are given three boxes which 
are exactly identical in their external 
appearance. The first box contains two 
gold coins, the second contains two 
silver coins, and the third contains a 
silver and a gold coin. The boxes 
were originally labelled according to 
the contents of the box (c.g., the 
box containing two gold coins was 
labeled GG; but a mischievous boy 
has scrambled the labels 00 the boxes 
so that each box is now incorrectly 
labelled. You are required to identify 
the boxes by drawing one coin at a 
time out of any box without looking 
inside. What is the least number of 
drawings needed to do this? 
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P. K« Mukherjeb 
Physics Dcptt.y Deshbandhu CoUegc 
Kalkaii, New DeUd-llOOlB 
{See page 55 P for answers) 
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Menstruation- 
mechanism and 
disorders 

M enstruation is a dis- 

charge of blood from vagina 
at more or less regular intervals 
throughout the child-bearing period of 
a women’s life. Each month> the womb 
(uterus) prepares itself for pregnancy 
by undergoing changes in its lining- 
li a fertilized egg fails to implant in 
the wall of the uteruSi the lining of 
the uterus disintegrates and is dis¬ 
charged in the form of the menstrual 
fluid. Menstruation, physiologically 
speaking, is a direct manifestation of 
the marked hormonal changes, parti¬ 
cularly of the sex hormones, in the 
ovary. 

Human menstrual cycle is 
of 27-30 days. However, its 
duration varies and sbme women 
develop a cycle with in¬ 
tervals of 21, 30, 35 or even 40 days. 
Only in 10 to 15 per cent cases the 
duration is exactly of 28 days. After 
^hc menarch, and In pre-mcno- 
pausal age, women often experience 
menstrual irregularities as they do 
tftcr child birth. The human 


menstrual cycle is subject to many 
other faaors, even to abrupt changes 
in dimate. Other factors like disease, 
indisposition, malnutrition, passions 
or varied tensions may also shorten 
or lengthen it. The menstrual bleeding 
normally occurs for 4-5 days, but it 
may be as brief as one day or as long as 
7-8 days. The important consideration 
is not duration of the cyde, but 
deviation from the usual duration 
and pattern. 

Normally, menstruation starts 
among girls between ii and 18 years. 
In rare cases, it may commeocc earlier 
than nth year or is delayed upto 16 
years. The commencement and ces¬ 
sation of menstrual cycle in the 
human female is dependent upon 
various factors, e.g., climate, race, 
general health and heredity. Normally 
in temperate climates, menstruation 
starts somewhat earlier-—girls falling 
in the age-group of 13-15 years 
usually start menstruating in the 
warm climates, whereas in colder 
regions it may not start even at 17 
or 18 years. If this important 
physiological phenomenon docs 
not start at 16 years, medical 
help should be sought because 
too much delay implies deficient 
endocrinal functioning and, if 
untreated, may initiate sterility in the 
female. 

Menstruation marks the entry of a 
girl into puberty—the age of great 
hormonal and psychic adjustments. 

It, in fact, is a step forward and 
marks entrance into womenhood— 
the fertile period of the human female. 
Menstruation ceases by the time a 
woman reaches 45 to 50 years, and the 
phase which follows is popularly known 
as menopause. The duration of the 
cycle, the duration of actual bleeding 
period and other menstrual charac¬ 
teristics are highly variable not only 
in different geographical regions or 
among different races, but also in 
different individuals of the same com¬ 
munity. Hereditary factors have also 
been said to be involved inasmuch 
as menstural peculiarities are so often 


shared between the mother and her 
daughters. In those individuals among 
whom mensturation stans early, its 
cessation is also noimally delayed. 

The normal menstrual cycles are 
generally quite regular, but occasion¬ 
ally missed or irregular periods 
usually have no serious signihcance. 
They are frequent uudci psycholo- 
gical or physical stress. Gross men¬ 
strual irregularities like prolonged 
menstrual blcedmg and persistent 
amenorrhea, however, warrant 
clinical investigation. Usually, how¬ 
ever, a marked irregularity is asso¬ 
ciated, and rightly too, with decreased 
fertility. Though the significance of 
irregular menstrual bleeding varies 
with the type of irregularity, the 
common causes of irregular menstrua¬ 
tion are: (i) infeaion in the uterus 
or even elsewhere in the female genital 
tract, (ii) presence of a benign or 
malignant tumor in the uterus or ovary, 
and an endocrine imbalance. 

The human female has a pair of 
ovaries, the female gonads, which 
produce the ova or eggs. These cells 
are contained within follicles. There 
arc approximately 400,000 follicles in 
the two human ovaries at the time of 
birth, but only 300 to 400 eventually 
mature and liberate the germ cells, 
most of which degenerate cither as 
such, or after some degree of develop¬ 
ment. The number of follicles and, 
therefore, of ova is predetermined and 
fixed at birth, after which it docs not 
change. 

Each month, one of the ovaries 
responds to the influence of the 
pituitary hormone, called FSH, the 
follicle-stimulating hormone which, 
in turn, stimulates the growth of an 
ovarian follicle, which in turn secretes 
another hormone, called estrogen. 

In women, usually only one 
ovum reaches maturity during 
each cycle. Occasionally, however, 
if more eggs than one are 
released in a month, they usually 
degenerate before they arc fully ma¬ 
ture. Another pituitary hormone, viz., 
the lutcnizing hormone (LH), causes 
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the mature follicle to rupture and 
release an egg, and the remnants of 
the follicle are transformed into 
corpus luteum which secretes pro¬ 
gesterone and estrogejt. If, however, 
the egg is not fertilized, the corpus 
luteum persists for about nine days 
and then degenerates. The FSH is 
again secreted and the cycle 
restarts. 

Based on these hormonal changes, 
the menstural cycle can be 
divided into 3 phases. The day 
the menstural flow b^ns is re¬ 
garded the first day of the cycle be¬ 
cause this is the date which can be 
determined with certainty. Most com¬ 
monly, the menstrual phase lasts for 
four days, but periods of a day shorter 
or a day longer are common. During 
the next five or six days, endome¬ 
trium—^thc lining of the uterus, gra¬ 
dually thickens under the influence of 
the estrogen. Meanwhile, in the ovary, 
the foilicTc grows and produces 
estre^en. This is called estio- 
genic phase. The last day of this 


Fig. 1. Hwmin menstnial cycle 

phase cannot be precisely determined 
because of the variability of the time 
of ovulation, i.e., release of 
ovum from follicle. Ovulation ge¬ 
nerally occurs between the 8th day 
and the 20th day and rarely before or 
after this period. The changes occur¬ 
ring in the endometrium during this 
phase are mainly under the influence 
of progesterone and, hence, this phase 
is called progestational phase. 
This phase starts after ovulation. It is 
after the release of the ovum that 
corpus luteum is formed. During this 
period, endometrium reaches a 
thickness of about 1/2 cm. 

About 24 days after the beginning 
of the monthly cycle, the 
corpus luteum starts degenerating and 
its hormonal secretion virtually ceases. 
Deprived of this hormonal support, 
the thi<^ and succulant endometrium, 
which was studded with many micro¬ 
scopic glands and had imusually a 
rich blood-supply, starts disintegra¬ 
ting. This occurs as a result 
oi the depleted bl(^-supply, which. 


in turn, is associated with a lowered 
content of ovarian hormones in the 
circulating blood. Blood and desqua¬ 
mated endometrial remnants pass oiit 
through the cervix and the vagina as 
menstrual discharge. Rhythmic con¬ 
tractions of the muscular wall of the 
uterus facilitate gradual expulsion of 
the discharge. The physiological phe¬ 
nomenon by which the uterus is virtu¬ 
ally denuded of its lining may, in 
certain cases, be somewhat painful. 
A day or more before the external flow 
has ended, the process of uterine 
repair is well imder way. 

The normal menstrual blood is 
pink to dark red. The total amount 
of the menstrual discharge varies 
from person to person and. widely 
ranges from 50 ml to as much as 
150 ml, which too is not rated abnor¬ 
mal. This fluid consists of blood and 
cellular debris from the endometrium 
and, characteristically, it does not 
dot and is odourless. The menstrual 
discharge on the first day is meagre, « 
becoming more profuse during the 
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Fig. 2 


subsequent one or two diys asui 
then gradually diminishes. Blood 
fotms 1/2 or 2/3 of the total dis- 
charge. The monthlf loss of a siaeable 
quantity of Mood from a woman’s 
body necessitates a proper replenish* 
ment process which, m turn, requires 
an efifident supply of im>pcr nutrients, 
particulariy iron, without which anae¬ 
mia ensues. Special invigorating tonics 
are recommended by doctors to com¬ 
pensate for the loss of blood and 
tissue from the body, especially in 
those cases where the menstrual dis¬ 
charge is heavy. 

Sometimes, however, a monthly 
menstrual cycle is not accompanied 
with the shedding of an ovum. The 
follicle develops but instead of ovula¬ 
ting it regresses. Such ovulatory 
(devoid of ovulation) cycles arc parti¬ 
cularly common among young girls 
who have just entered puberty. Such 
menstrual cycles arc a frequent 
cause or, at least, manifestation of 
infertility in adult women. It is diffi¬ 
cult to determine such unproductive 
cycles, because menstrual flow occurs 
anyway. 

Menstrual cycle is normally 
interrupted during pregnancy. If 
it is interrupted otherwise, it is 
definitely a physiological abnormality 
and warrants medical advice. Cessa¬ 
tion of the menstrual cycle is one of 
the earliest signs of conception. 

Throughout the menstrual cycle, 
there are concomitant cyclic changes 
in the secondary sex organs also. 
Some most striking changes occur in 
the endometrium under the influence 
of the ovarian estrogen. The endome¬ 
trium rapidly grows; its thickness 
becomes the maximum at the time of 
ovulation. Blood supply is also increas¬ 
ed owing to the proliferation of the 
basal blood vessels. But when the 
levels of estrogen and progesterone 
decrease, there is the kinking of spiral 
blood vessels. The Uood-flow decrea¬ 
ses which, in turn, results in uterine 


infarction and faciUtates denudation 
of the endometrium. As the endome¬ 
trium is shed, bleeding from the 
remnants of arterioles occurs, hence 
the menstrual discharge. 

Cyclic changes occur in the vagina 
also. Under the influence of estrogen, 
the vaginal mucosa becomes thicker. 
Breasts also undergo cyclic changes 
they tend to enlarge pre-menstrually 
and often become tender. The enlarge¬ 
ment is largely due to an accumula¬ 
tion of fluid which increases volume of 
the breasts. A slight swelling of the 
face and neck is also frequently 
observed. 


Menstrual disorders 

The absence of menstrual flow 
after the reproductive function has 
actually begun is called amenorfhea. 
This is normal during pregnancy and in 
the early months of lactation. Environ¬ 


mental amenorrhea is developed by 
many women when they change their 
mode of life, c.g., shifting from one 
neighbourhood to another may cause 
amenorrhea. Girls often develop 
amenorrhea duting examination. A 
journey overseas sometimes leads 
to sudden amenorrhea. Emotional 
disturbances may also interrupt 
menstrual cycle. Sudden changes in 
body-weight are frequently accom¬ 
panied with amenorrhea. Some other 
pathological conditions may result 
in amenorrhea, e.g., tuberculosis, in 
which amenorrhea is the body’s 
economy mechanism to save the 
patient’s strength. 

Too much or two frequent losses of 
blood may be due to glandular distur¬ 
bance which should be corrected by 
a qualified physician. Such conditions 
may also involve the presence of a 
tumour or inflammation in the uterus. 
These conditions, if established, need 
the attention of a gynaecologist. A too 
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meagre menstrual flow also needs the 
Kelp of a clinician. Clinically painful 
menstruation is termed dysmenorrhea. 
It may be caused by a faulty position 
of the u^us or as a result of uterine 
inflammation or may also suggest the 
presence of a tumour^ but is most 
frequently due to pain in the nerves 
near the mouth of the uterus and can 
be relieved with certain routine anal* 
gesics, viz.f aspirin, paracetamol and 
analgin. Unless there is some medical 
or surgical reasons for pain, menstrua¬ 
tion should at the most be ‘comfortably 
painful’. Many women experience no 
particular discomfort and their regular 
activities are not at all hampered. 
Exercise is recommended for obvia¬ 
ting menstrual discomfort. 

Some nervous imbalance during 
menstruation is commonly reported. 
Disturbance in sleep during the 
menstrual period is frequently experi¬ 
enced. The incidence of fatigue and 
headache during premenstrual and 
menstrual period is high. Depression 
is also not uncommon during such 
phases. The basic metabolic rate 
(BMB) and the temperature fall 
slightly during the menstrual period. 
Skin secretions and the characteristics 
of saliva also change and the capillary 
vessels of the skin bleed more readily. 

Length of menstrual cycle is the 
difference of two dates—the onset of the 
previous, and the onset of the recent 
menstrual bleeding. The day of the 
commencement of bleeding is called 
day 1 - Since the hour of the onset of 
the bleeding is not considered, the 
length of the menstrual cycle carries 
a methodological error of i day 
Theoretically, the postmenstrual phase 
is the interval in days between the date 
of the preceding menstruation and the 
date of the following ovulation. 
Similarly, the premenstrual phase is 
the interval from the date of ovulation 


to the date of the suc^jeedlng menstrua¬ 
tion. 

Safe period for contraception 

Abstinence around the time of 
ovulation can be a widely used method 
of natural contraception. The success 
of this method depends not only on a 
high d^ree of motivation and of 
intelligent understanding of the 
mechanisms of ovulation but also on 
a regular menstrual cycle and a reliable 
means of dating the time of ovulation. 
All these conditions are difficult to 
accomplish, or even tp comprehend, 
especially in our country where illiter¬ 
acy is rampant and hence our ina¬ 
bility to exploit this natural way of 
contraception. Among women* with 
absolutely regular 28 day cycles, 
ovulation occurs on about the four¬ 
teenth day but very few women show 
such a precise regularity. While a 
woman, who has a tegular 28 day cycle, 
generaly ovulates at about the same 
time, some women may occasionally 
ovulate at an unusual time, particu¬ 
larly, if a cycle is irregular. Another 
reason for the failure of this method is 
the difficulty of precisely predicting the 
time at which the ovulation occurs. 
The time of ovulation is more closely 
related to the onset of the next menstr¬ 
ual period than it is to the end of the 
last one. For women who ovulate at 
an unusual time, the regular use of 
basal body-temperature charts can be 
of considerable advantage. If these 
women have a characteristic biphasic 
temperature pattern, they can be 
taught to recognize the temperature 
•.hange associated with ovulation. Some 
women do experience a slight pain 
and even a meagre vaginal bleeding 
midway between the menstrual periods. 
This is believed to be a consequence of 
the rupturing of the ovarian follicle. 


However, only some women experi¬ 
ence these apparent manifestations, 
and even they do not do so cnosisten- 
tly. 

The examination of the vaginal 
mucus can also give us an indication 
about the time of the ovulation. If 
any reliable means can be found out to 
know the exact time of ovulation, the 
safe period can be precisely determined 
considering that the spermatozoa do 
not remain alive for more than 48-72 
hours in the female genital tract and, 
further, that the ovum is fertilizable 
for not more than 1-2 days after it 
is released from the ovary. When the 
menstrual cycle is of 28 days, absti¬ 
nence from 9-16 days of the menstrual 
cycle can be a good, safe, natural and 
effective method of contraception. 

Many researchers have attempted 
to study the human sexual behaviour 
during different phases of menstrual 
cycle. Many married couples were 
surveyed and were asked to correlate 
sexual desire, behaviour and occur¬ 
rence of orgasm with different pha^ of 
menstrual cycle. No clear picture seems 
to emerge except that conclusions 
drawn from such surveys do not 
confirm c^licr beliefs; hardly any 
relationship could be established 
between the behaviour, orgasm and 
sexual urge, and the different stages of 
the menstrual cycle. However, 
some tendency was recorded for an 
increased frequency of sexual inter¬ 
course during the late follicular phase. 
Many individuals avoid sexual inter¬ 
course during the menstrual periods 
for hygenic or religious or ethical 
considerations. 

K, C. .Kanwar 
Deptt. of Biophysics 
Panjab UnioersUy 
Chandigarh- 160014 r 
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NML-PM2 
a versatile alloy 
conductor 

A LTHOUGH alumm^um is being 
^used for electrical tran^unission for 
over the last three decades, until 
recently it was not accepted as a univer¬ 
sal conductor of electricity. This was 
because the conventional electric grade 
aluminium (one not purposefully alloy¬ 
ed and having a purity of not less 
than 99.5 % aluminium with minimal 
amounts of titanium and vanadium) 
lacks duaility and strength and there¬ 
fore it cannot be drawn into fine wires 
in modem high speed wire drawing 
mills without frequent breakages* 
Further, despite the advent of machi¬ 
nes capable, of cold pressure weldix^, 
the fket tl thcjjdinting procedures 
of aluminium wires were nearly not 
as simple as that of cq>per, and the 
extensive cold flow occurring at cold 
pressure joints (the aiinp joints) 
deaeased the acceptability q£ alumin¬ 
ium as a unive^ conduaor of 
electricity. Even its use in the steel 
reinCocced cooduaors (the ACSR) 
for overhead transmission of electri¬ 


city met with considerable oppositioa 
on account of the lack of adequate 
corrosion resistance in marine and 
industrial atmospheres. 

Against this background, a research 
and devcle>mcnt programme was 
initiated at the National Metallurgical 
Laboratory about 15 years back. The 
aim of the programme was to develop 
an alloyed version of electric grade 
aluminium which is capable of deve¬ 
loping electrical conductivity as high, 
if not higher, as in the conventional 
electric grade aluminiunt along with a 
combination of strens:th and ductility 
which would make it possible to be 
drawn into fine wires without break¬ 
ages. 

As a result of sustained experi¬ 
mentation, an dectric grade aluminium 
alloy, called NML-PM2, was develo¬ 
ped which offered a combination 
of properties which the engineers 
were long looking in aluminium. 
These were : 

(a) high electrical conductivity, 
i.e., alloy additions should not sacrifice 
conductivity over gain in strength and 
ductility; (b) combination of mechanical 
properties, of strength and ductility to 
make alummium amenable to the 
modern wire-drawing machines; 

(c) increased resistance to cold flow 
which is mecallurgically obtained 
through higher creep strength, and 

(d) higher resistance to corrosion. 

NML-PM2 offers these properties 

by ensuring precipitation of the 
deliberatdy added alloying elements 
through important control in the 
thermo-mechanical processing of the 
wires. 

An important feature of the R & 
D work was that it integrated itself 
with the industrial conditions of 
processing and product development 
in the very early stages and that 
industry offered its facilities without 
any inhibition. Although from labora¬ 
tory point of view, a numberof alloys 
showed proonise, the one designated 
as NML-PMa emerged as the natural 
choice of techndogicai considera- 
tiOQS. 


So fiur, J^ur industrial units at 
Calcutta, Hjido^bad, Delhi and Satna 
have obtained the technology through 
the National Research and Develop- 
mem Corporation. The fact that the 
four industrial lioencees were spread 
over a 4-5 year period, proved that 
the industry was fully satisfied with 
the claims of NML-PMa offering 
itself not only as a better alternative 
to the conventional electric grade 
aluminium but also as a substitute of 
copper in areas where aluminium did 
not hitherto make an entry. 

Intensive product evaluation of 
the new alloy was carried out in 
collaboration with several R & D 
organisations and industrial establish¬ 
ments. As a result, the Indian Stan¬ 
dards Institution have included NML- 
PM2 in the standards specifications 
IS 5484-1978 as additional grade of 
EC aluminium (grade 3). 

Significantly, the first field evalua¬ 
tion trials for NML-PM2 were in 
areas of import substitution, for 
example, in telecommunication cables. 
20,- 50- and lOO-pair dry core tcle- 
cables have been successfully produced 
from NMX.-PN2 in collaboration with 
Hindustan Cables Factory and found 
to meet the rigid specifications laid 
down by the P & T Department. 
After evaluation at the Tdc-communi- 
cation Research Centre, these cables 
were installed in Delhi about 5 years 
ago and arc reported to be giving 
performance equivalent to those from 
copper. Techniques of crimp joint¬ 
ing arc fully developed and commer¬ 
cially available in the United King¬ 
dom and the U. S. A. There is no 
reason, therefore, to continue the 
import of copper for telecommunica¬ 
tion purposes specially when industri¬ 
ally advanced countries are also find¬ 
ing it useful to substitute the usage of 
copper by aluminim alloy. Let not the 
doctrine of recycling ot scrap of copper 
available in the P & T Department 
ddlay the introduction of new techno¬ 
logy in India. 

Stability of the joints over long 
periods is an important virtue of the 
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NML-PM2 cables—whether for 
telecommunication) railway coach 
wiring or flexible welding cables or 
even for house wiring applications. 
The stability of joints from NML- 
PM2 was evaluated by a leading labora¬ 
tory in the U. S. A. and found to meet 
the rigid specifications of the Under¬ 
writers* Laboratory admirably. In 
the domestic arena the Railway 
Research Design & Standards Organi- 
2ation (RDSO) and the Integral Coach 
Factory have approved the use of 
NML-PM2 PVC insulated cables as 
a superior altcntative to cables made 
from unalloyed electric grade alumi¬ 
nium. NML-PM2 wired passenger 
coaches are now in regular service 
with the Railways. RDSO is now en¬ 
gaged in a countrywide evaluation of 
the enamelled NML-PM2 fine wires 
as a possible substitute of copper in 
signal relays. 

There was a time when inadequate 
performance of the 400 amp welding 
cables made from aluminium had 
reached such levels of frustration 
that many organisations were almost 
on the point of revoking their decision 
on substitution. But trial use of the 
NML-PM2 aluminium alloy welding 
cables restored their confidence in 
the import substitution programmes. 
In this respect) the strategy adopted 
by NML to introduce NML-PM2 
to users through products paid divi¬ 


dends. The NML got several thousand 
metres of 400 ampere welding cables 
manufactured at industrial units and 
introduced in the industry through 
supply of cxpcnmcntal lengths at 
cost. Leading eng'neering organisa¬ 
tions have now started including 
NML-PM2 in their plant spedhea- 
tions. 

It is regarded that the use of NML- 
PM2 overhead conductors with or 
without steel reinforcement) offers a 
possibility of reducing the loss of 
power in transmission through better 
performance. It is noteworthy that the 
Gujarat State Electricity Board 
(GSEB) in association with the 
Rural Electrification Corporation 
(REC) have installed NML-PM2 
overhead lines for a few hundred 
kilometres along the coastal regions of 
the state. The results of monitori&g 
over more than a year presented by 
the G. S. E. B. at the last R. E. C. 
Seminar in New Delhi indicated im¬ 
proved pcrfbnnance. The Karnataka 
and the Kerala State Electricity Boards 
are also considering installation of 
NML-PM2 lines. For the extra-high 
voltage grid) now under installation 
the use of NML-PMi in place of 
conventional aluminium should take 
it an ideal material merely on account 
of the superiority of jam performance. 

The use of annealed NML-PM2 
conductor with steel reinforcement is 


now being advocated as this would 
further reduce the power losses in 
transmission thrcnifith improved con¬ 
ductivity besides the increased stability 
of the compression jointS) and better 
corrosion resistance. It is noteworthy 
that the G. S. £. B. and the R.E.C. 
have again pioneered the use of the 
concept and 30 km-long conductors 
have been processed in Delhi for 
supply to G. S. E. B. for installation 
in the Kodinar Rural Electric Coo¬ 
perative region. 

In view of the growing imports of 
copper, and the resources availability 
of alumin'um, it is hoped that the 
efforts of the NML team to develop 
aluminium alloys for the grooved con¬ 
tact and the catenary wires used in 
the railway electrification progran^mes 
would be as successful as PM2. It 
is gratifying from a national point of 
view that such spirit of collaboration 
has been assiduously built up by 
NML team with the RDSO. The 
RDSO has already put up a trial 
span of catenary near Tundla 
from one of the NML alloys (NAtt-- 
PM53) for field evaluation. 

RMEndra Kumar 
Scientist 

Division of Material Science & 
Technology 
National Metallurgical Lab. 

Jamshedpur 
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Industrial alcohol from 
Mahua flowers 



TECHNOtOGY fOB VIIUGES 

Charcoal aids water 
decontamination 


^FTRI’s central Food and Tech- 
^ nological Research Institute, 
Mysore studies have established 
that wood charcoal which has been 
traditionally used fox purification of 
water can also be successfully used 
for removal of certain pesticide re¬ 
sidues from water. The decontamina¬ 
ted water so obtained can be rendered 
free of bacteria by treating with an 
amibaaerial agent. 

The particle size of wood char¬ 
coal is a crucial factor in the remov¬ 
al of pesticide residues from water> 
and hence this has been determined. 
Residues of 20 pesticides including 
chose of BHC, DDT, Dieldrin, Mala- 
fhion, Methyl Parathion, Chlordane, 
Endosulfan and Phosphonidon have 
been removed during studies using 
wood charcoal powder. 

A percolator unit has been evol¬ 
ved by the Institute for decontamina¬ 
tion of drinking water from pesti¬ 
cides and bacteria in households. 
This unit can be scaled up suitably 
for use in restaurants and hospitals. 


i^FTRI prepared a feasibility rc- 
^port on the manufacture of indus¬ 
trial alcohol fiom Mahua flower of 
Gujarat at the request of the Gujarat 
State Forest Development Corpora¬ 
tion Limited. 

The products that could be made 
from Makm flower include potable 
alcohol, rectified spirit, bakcr^s yeast, 
vin^ar and concentrated sugar 
syrup. Costwisc, the rectified spirit 
from Mahua flower will not be eco¬ 
nomical as compared to the product 
prepared from molasses unless the 
raw material cost is brou|^t down 
and the byproducts are gainfully uti¬ 
lised. While Mahua flower costs about 
Rs. 600/- per tonne, molasses, with 
the same sugar content, costs only 
about Rs. 60 per tonne The availabi¬ 
lity of molasses will, howevex, depend 


^FTRI has standardised a process 
^ for extracrion of oil from wheat 
germ and fur producing vitamin £ 
concentrate firom the oil; the know¬ 
how has been given to a private 
firm who sponsnred this project. 

The genn which forms 2.5 to 3.6 
per cent of wheat grain contains 
about 50 mg of vitamin E per 100 g 
of germ> and 6.7 to 9 per cent oil. 
This valuable source of nutrient is 
usually nor available for fruitful 


on sugarcane production which is 
subject to variation. To be economi¬ 
cally viable, the minimum capacity of 
the plant for manufaaurc of recti¬ 
fied spirit should be 20,000 to 30,000 
litres per day. Since the available 
quantum of flowers ranges between 
TOO ,000 and 150,000 quintals, the sug¬ 
gested capacity of the manufaauring 
unit is 100,000 quintals. 

The procedure for and cost in¬ 
volved in preparing Mahua syrup have 
been worked out by CFTRL The 
dried pomace, discarded after pre¬ 
paring the syrup, could perhaps 
be used as an ingredient in animal 
feed formulation. 

In view of the energy crisis, pro¬ 
duction of industrial alcohol from a 
renewable source like Mahua will 
assume importance. 


human use as during wheat milling 
it gets mixed with the bran which 
is mainly used as animal feed. Un¬ 
wittingly, the nation is losing every 
year benefit of nearly 100,000 tonnes 
of wheat germ containing 50 tonnes 
of Vitamin £ and 9,000 tonnes of oil 
that could be available from about 3.5 
million tonnes of wheat anntially mill¬ 
ed by the organised roller milling 
industry. 


Vitamin E from wheat germ 
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ATOMS OP HOPE by Mohan Sua- 
dara Rajan, AHud PubUdiers Pvt. 
Lid., i3/i4> Asaf Ali Road, New 
Delhi-i 10002, Pp. 156, Rs. 50. 

^T^HE story of atomic energy has 
^ been told and retold so often in the 
past that a new boidc on the subjca 
evokes little interest. This is parti- 
cultfly so if the book is a *cut-and- 
paste’ work without much of con* 
tinuity or cohereooe. In Atom of Hoptt 
Mohm Sundara Rajan attentpts to 
present the whole gamut of the ato¬ 
mic energy qucsrion—from chain 

reaction, nuclear teaaors and fuel 
cycles to "BhaUu’s dream”, self* 
tdiance and Nuclear Non-Prolifera¬ 
tion Treaty. But he leaves the basic 
cjuestions luumswered. For instance, 
what is atomic energy, after all? Why 
do radioaaive atoms behave in the 
way they do? Why doesn’t a non- 
radioaaive element undergo fission? 
These are some of the fundamental 
questions to which the book provides 
no atxswer. 

There is casual mention of Eins¬ 
tein’s famous equation E==mc^, but 
the author fails to correlate it with the 
tremendous energy of nuclear ilssioi) 
(or fusion). Obviously he is not aware 
oS the fact that the energy comes as a 
result of the disappearance of mass in 
the overall nuclear reaction. He does 
not mention it anywhere. 

After going through the book one 
gets the impi cssiou that as long as it is 
a narrative such as the chapters on 
India’s nuclear programme or Non* 
proliferation Treaty, the author has 
no difficulty. But wherever it cmnes to 


eqdatiiiilg a sdemillc fret—be it the 
ttomic structure or nudeer fission, he 
cither takes rcooune to uttintdligible 
ana l og ie s or simply fiuls to eiplain 
aaythiag at all ! 

Take, for example, his treatment of 
the atomic structure. Electrons, he 
says, “spin so rapidly that one can 
easily imagine them as spokes of a 
wheel (sic) moving at high speed” 
fp.4). I have yet to see a more dis¬ 
torted piaurisation of / the atom. 

Or take the following para : 
“Certain atoms break up on their own. 
The radioactive atoms shoot out ener¬ 
gy (sic), alpha particles and electrons. 
A small quantity of matter contains 
an enormous number of atoms. The 
energy available must be quite big, if 
only it can be released.” 

I wonder w^t such disjointed sen¬ 
tences explain. And the text is replete 
with sudi irrelevant and incoherent 
paragraphs that make the reading te¬ 
dious. 

Frequently one finds reference to 
events that are not described 
earlier. I shall cite just one instance. 
He says, “After Bohr arrived in the 
United States in 1939, the news 
about the Berlin development reached 
Fermi.” (p. 7). But nothing is men¬ 
tioned to explain what this ‘Berlin 
development’ was till four paras later, 
on the next page! Normally une ex¬ 
pects the narration of an event first and 
a reference to it later. 

The question of safety of nuclear 
power is discussed at length as is the 
future of India’s nuclear programme. 
The Indian stand on the Nuclear Non¬ 
proliferation. Treaty has also been ex¬ 
plained well. 

Biman Basu 


ALTERNATIVE SCaOENCES fy 
Ashis Nandy, Allied Publishers Pvt. 
Ltd., 13/14, Asaf Ali Road, New 
Delhi-110002, Pp. 155, Rs. 40. 

T hat this book deals with the 
pqrdiological study of two great 


scientists that India gave to the 
worid makes one, on the first ^anoe, 
wonder what the title has to do with 
them. It is only after going ri«ro«igb 
the book that one fully under¬ 
stands its implicatioas. According to 
the author, who is a well known 
psychologist, the two Indian sden- 
tists, J. C. Bose and S. Ramanujan, 
provided two alternative ways of look¬ 
ing at science. By proving that plants 
and metals have life, Bose had ex¬ 
perimentally shown that what is called 
the “Cosmic Unity” by the philoso¬ 
phers of the East was correct. By his 
enlightoung discoveries Bose had 
shown the West that theirs was not 
the only way of looking at the world 
or science. By his ingenous mathe¬ 
matical creativity and discoveries 
(mostly re-discoveries) S. Ramanujan, 
on the other hand, showed the West 
what a person ol his orthodox back¬ 
ground could achieve without any 
brush with scientific culture. The book 
is therefore exclusivdy meant for his¬ 
torians of science, psychologists and 
social scientists. However, a layman 
would also find in it something of 
his interest in particular the ex¬ 
plosive uiqsublished details of J. C. 
Bose’s life. 

Biographical details of both the 
scientists make good reading. The 
author gives in details their surround¬ 
ings, the way each was brought up 
and the various influences of perso¬ 
nalities, culture and religion that 
made them what they were The 
most common thing between them 
was the influences of their mothers 
as well as their religious biases. It 
has been found that but for the 
influences of their wives in later pan 
of life, the mothers pbyed a m^ 
role in ifevdoping tht^ personalitiea. 
On the other hard, their frtherx dif¬ 
fered. S. Ramanujan’s frther wm a 
petty deik who ody wanted that his 
son should become a derk and earn 
something. J. C. Bose’s frther, though 
a busineis man, always eacounved, 
from a diatance, his son’s activities. 
In fret, it is believed that the atieak 
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J.C. Bose : a manipulator or a psychic case? 

of innovativeness in Bose can easily 
he attribuicJ to his father, who liked 
dabbling with gadgets and machinciy. 
Besides these influences, how religion 
affected the scuT*ust>> m doing what 
they did, the reviewer, frankly speal.- 
mg, fails to understand because of' 
psychic undertones and iaigou, which 
only a compeicnt psychologist can 
appreciate. I'wo things, howevci', ap¬ 
peared crystal clear to the rcfviewer. 

I’he author has alleged that most 
of the research J. C. Bose did m his 
later pan of his hfe was m^thing bui 
exaggeration. He has even claimed 
that Bose manipulated his experimental 
results to suit the neexis of his times. 
However, nowhere has the author 
given concrete examples to prove his 
point. He has only given the reasons 
why he did so. In those pre-Indepcn- 
dence rimes, the author sa^-s, Indians 
found m Bose a scientist who gave 
boost to not onl}'' their national pride 
then at a low ebb but also to their 
philosophy of cosmic unity. Bose there¬ 
fore tried tu live uj) to the expecta¬ 
tions of his counirymcn by making, 
as the author says, false claims. In 
case of Ramanujan, an altogether diff¬ 
erent psychology worked Although 
many occult instances have been 
linked with his mathematical creati¬ 


vity, ‘"he was an artist who was satis- 
fted if he could convince himself,” 
which IS aptly true of him. 

Besides the author’s racy style, one 
thing the reviewer especially appre- 
ciaies is his boldness in smashing the 
aura created around J. C. Bose by 
many of his biographers. In this 
context he has no doubt Wcd a cru'^a- 
der because wc Indians have the 
habit of hero-worship. Wc kick a 
person until he is ivcogniscd by 
die West, and when once he is re¬ 
cognised wc forget ail his w^eaknesscs! 


Dilip M. Salwi 


INORGANIC CHEMISTRY CON¬ 
CEPTS hy P. I-. Sori and Mohan 
Katyal, Sultan Chand & Sons^ 23, 
Daryaganj, N cw Delhi -11000 ^, 

Pp. 229, Rs. 15 co- 

I NORGANIC chernisiry is hol 
merely a dcscripiivc science. Ii is 
a systematic subject rather than a 
collection of unrelated faas. Much 
of it may be explained and correlated 
in simple physical lenns as has been 
done in this brief volume. 

The book is divided into eight 
chapters, beginning a biief in¬ 

troduction about what is chianistrv. 
It then goes on to describe inorganic 
chemistry and its impoitance. The 
second and third chapters give the 
classical model and the modern pic¬ 
ture of the structure of the atom. 
1 he next chapter deals with the classi¬ 
fication of elements and their various 
physical properties like atomic raoii, 
electronegativity, ionisation cneigy, 
etc. 'Phe theories of chemical bond¬ 
ing, both classical as well as the 
modern ones, viz.. Valence Bond 
Theory, Molecular Orbital Theory 
and Linnet Double-Quartet Theory 
have been described well. 

The seventh chapter deals with 
concepts of acids and bases on the 


basis of Arrhaxius, Brouslcd-Lawry 
and Lewis theoncj;. It also discusses 
hard and sott acids and bases (HSAB 
theory c la the last chapter. Standard 
Electrode Poicmials are discussed. 

The book is written in a compact 
and casy-io-undersrand language. The 
various sections arc concise and the 
information up-to-date. At the end of 
each chaptei, a list of selected reading 
IS provided. Each chapter also carries 
a large number of problems to be 
solved bv the students. They will 
surely liclp the readers assess their 
own undc’-sranding of the problem 

The book should prove useful to 
first year students of B.Sc. (Hons.) 
chemistry of Delhi and other uni¬ 
versities. 


Si BHASJi C. Hari 


TEXT BOOK OF ALGEBRA, 
LEADERSHIP PROJECT COM¬ 
MITTEE ( Mathematics ) 

University of Bombay, Tara Mc- 
Graw Hill Puhlishtn^ Company 
Ltd.^ 12/4, Asaf All Road, New 
Delhi- 110002. Pp. 166, Rs 15/- 

I '^HE book has been brought out 
under the University leadership 
Project in Mathematics of Bombay 
University sponsored by University 
Grants Commission. The book gives 
introduaory course in algebra meant 
for study in undergraduate classes of 
Indian Univeristy. It covers the whole 
spectrum of subject systematically and 
chapters are well graded. Starting from 
the treatment of integer and natural 
numbers, the book culminates at 
Matrix computations. Linear algebra 
and solution of simultaneous equations 
are given in detail. Chapter on Deter¬ 
minants as appended at the end adds 
to the usefulness of tiit book. Language 
is simple and direct and explanations 
are explicit. It is a good attempt 
indeed. 


R. K. Bhatnagar 
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GYMNOSPHRMS : A TREATISE 

hy O. P. Sharma, Praj^uft Prukashan, 
P. B No. (>Zy Mccrui “2SOOOI 
Pp. IS 30 

hook ii!\dcr ic\'ic\v Jcal'^ vv’uh 
tlu‘ ^v]nno^p^^^s> a ^r«)up t)!' 
plants rL'prcsrnird hv living a\ wcl’ 
as fossil nicinhcrs. It composed 
of II cliapU’is (diapUT I deals with 
I lie niiroductniiu general characters 
and atfiniiies of g>num’*>pcrms. In. 
(>h:ipTcr 2, classiricaiion e. discussed 
bill, surprisingly, whicli classificaiion 
is adopted in the hook, is not mcniioned, 
Ohapicrs 3 to s and deal with the 
fos'.il rcprcscntaiivc, while the rest 
with the living nicinhers l^aich chapter 


is provided with a bibliography at the 
end; it is , however, not complete 
and correct in some chapters. It would 
have been better if a general biblio¬ 
graphy had lK,eu given so as to mmi- 
mi/e unnecessary repciitums, 'The 
llIu>lral^on^ are good and well labelled 
but the photo plates are of poor Ljuality. 
A subiivi index followed by an author 
index ss givem in the end, which is a 
wekonie addition 'The book will serve 
1 h'/purpose of B Sc and B Sc. > Hons.; 
Mudents only. It is reasoiiibly priced. 
I'he author should, however, have 
lalteii care m keeping consisleitcy 
m the format and miiviuized the 
number of printing mistakes. 

K. Y. KAVAiin.k'AR 


Books received 

I. NATURE DAY . 4 ND NIGHT by 

Richaid Adams, Petiguifi (^^erseas 
Li I. s)6 Pros Aparmi MU, 56, 

N-‘h‘ u Place New De^h:-*: rotf, 
P| . TOS, £ 2. so 

2 EVER SINC:E DARWLS hy 

Stephen Jav Crould, Pcnqiin: ^'*var- 
"tc?? !jd "address as L’^ove), 

Pp. 2!^s, £ i.so 

3. AIATIIEAIATICS, S^ccut' .cvel, 
hv G. W AUan and A Fbih Hut¬ 
chinson of London ^\vad ib-L from 
B. /. Piihlicati^mSy 3so, Di D. N. 
Koad, Bombav-^00023), P; ^10, 
£ 4 -A 
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Tabic I 




7'\'p<*s of fnu! o orgafitsfu^ involved 


A \yiiil\inK , free lit mg 

1. IkicUMua 

2. lUuc-grcc alga 
k Yeas Is 

V h'^Synihto^u 


A/a>tobaeicr, llacillus, Clostrjdjuin, Dcrjxia, 
Pseudomonas, Rhidonucrobiutu, Rhodospinllum 
and AzAJSpiriiluin 

.\nabacna, Anabaciiopsis, .\ulosira, Clalotlinx, 

Nostoc and C.vhndrospcnnaia 

Rhodolorula 


g. Root nodules of legumes Rhi/,ubiun\ 

s, Rt>oi nodules 4>f non-lcgunics Aciiiionivccies 


withm the temperature range of 
20 ’C-30 C. 

Biological nitrogen fixation and 
Its importance to soil fertility have 
been known since the early 1800 s. 
Sonic biological ystems arc 
recognised which arc capable of fixing 
atmospheric nurogm (Table i). 

In developing countries like India 
where there is immediate need to rely 
increasingly on organic fcailization of 
soil, these bioterrilizcrs play a role 


in minimising dependence on 
inorganic nitrogenous fertilizers. The 
biofcrtilizers, otherwise called 
microbial moculants, arc preparations 
containing live or latent cells of etli- 
ciem strains of nitrogen tixing micro¬ 
organisms used for seed or soil appli¬ 
cation. The main objective of appl>ung 
moculants is to increase the number of 
such micro-organisms in soils or 
rhizospherc and consequently improve 
the extent of micro-biologically fixed 


nitrogen for plant growth Application 
of biofernlizers in combinatit>n with 
organic nitrogenous fertilizers has a 
key role to play in the economic 
management of niiiogen nee.t> of 
crops. 

Bacteria and blue-green alg^i- play 
a significant role m meeting th2 nitro¬ 
gen needs of creps. The occun ence of 
nitrogen fixing micro-orgauisnis such 
as Azospirillum within the plant parts 
of major econonic plants .ini the 
symbiont Anabaena azolla*: v/ithin 
the equatorial fern arc being iecently 
tried in Indian agriculture Man made 
inoctilants are helping in the esdablish- 
ment of leguminous crops and liso in 
increasing the production of protein 
rich food and fodder crops. Alan 
made moculants containing living cells 
of effective Rhizobium bacietij arc 
commercially prepareti and to 

farmers. 

Al. b. Raju 

Research Scholar 
Department of 
Banara^ Hindu University 
I \iraftaf 005 
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ACCUMEASURES PRECISION MEASURING INSTRUMENTS EMBODY PERFECTION. 

Manufactured in technical collaboration with 
P.-E Consulting Group, of London, Accumeasu- 
res instruments ensure accuracy to the last 
micron 

Accumeasures micrometers, vernier calipers, 
vernier height gauges and screw plug gauges 
are * 

• manufactured to international standards of 
accuracy 

• properly balanced for easy handling 

• corrosion and rough-use resistant 

• satin-chrome, no-glare finished, with scales 
photo-etrhed and painted jet black 

c • available in a wide range of sizes 

“viccumeasufcs.REACHING FOR PERFECTION 


We want more information on Accumeasures 
instruments. Send us the technical literature 

Instruments_ 

Name _ 

Designation 
Co's Name . 

Address _ 


^ccumeasufes Punjab limited 

l’7S. Phase V!l, S A S. Neger Meheli. Punjeh Telephones 87S5f, 
• 7Sfi9. B7S7S Telegram PRECISIOM Teleii 39 2S9 APL IN 
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From experience comes 
trust in quality 
-the international way. 



Laboratory & Guaranteed reagents 
and research chemicals, conforming 
to the highest international standards, 
are exported for well over ten years 
by Sarabhai M Chemicals to as many 
as 22 countries all over the world. 

The international standards of purity 
and most competitive prices have earned 
us several repeat orders from overseas 
customers-the right way to put India 
on the map among leading laboratory 
chemicals manufacturers in the world. 


SARABHAI M CHEMICALS 

Gofwa Road. Baroda 390 007 


Manufacturers of Vitamin C, Sorbitol. Mannitol. Fino % 
Pharmacopoeial Chemicals. Industrial Enzymaa. Choltna 
Salts. Laboratory 81 Guaranteed Reagents 
conforming to the highest international standards 


Pnntocf .111(1 puhhsht^d h\ S F’ Amlntstii Count il ol StuMitstir dnrl Industrial Kusuart h 
Rati Marj; Now f^ulhi IV.MX)! jt tht* Dulhi Fetus'. Ihandevvalan Extn , New Doihi-1 10053 

Regd. No. D-(C)-66. 
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